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Thk  rapid  spread  of  scientific  knowledge,  and  the  con- 
tinimlly  widening  field  of  its  application  to  the  usefid 
arts,  have  created  an  increased  demand  for  new  and 
improved  textrbooks  on  the  various  branches  of  Nato- 

BAI*    PmLOSOPHY, 

Of  the  elementary  works  that  have  appeared  within 
a  few  years,  those  of  M,  Gaitot  stand  preeminent^  not 
only  as  popular  treatises,  but  as  thoroughly  scientific 
expositions  of  the  principles  of  Physics.  Hi^  "Traite 
de  Physique"  has  not  only  met  with  unprecedented 
success  in  France,  but  has  been  extensively  used 
the  preparation  of  the  best  works  on  Physics  that  have 
been  issued  from  the  American  press. 

In  addition  to  the  "Traitd  de  Physique,"  which  is 
intended  for  the  use  of  Colleges  and  higher  institutions 
of  learning,  M.  Ganot  has  recently  published  a  more 
elementary  work,  adapted  to  the  use  of  schools  and 
academies,  in  which  he  has  faithfully  preserved  the 
prominent  features  and  all  the  scientific  accuracy  of  the 
larger    work.      It    is    characterized   by  a   well-boiaxwi^d 
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distribution  of  subjects,  a  logical  development  of  sd^^^ 
tific  principles,  and  a  remarkable  clearness  of  definitic^^^ 
and  explanation.  In  addition,  it  is  profusely  illustrat^^" 
with  beautifully  executed  engravings,  admirably  calc^^ 
lated  to  convey  to  the  mind  of  the  student  a  cles^*^ 
conception  of  the  principles  unfolded.  Their  complet^^ 
ness  and  accuracy  are  such  as  to  enable  the  teadie^^ 
to  dispense  with  much  of  the  apparatus  usually  em — 
ployed  in  teaching  the  elements  of  Physical  Science. 

In  preparing  an  American  edition  of  this  work  on 
PopuLAB  Physics,  it  has  not  been  the  aim  of  the 
editor  to  produce  a  strict  translation.  No  effort,  how- 
ever, has  been  spared  to  preserve  throughout,  the  spirit 
and  method  of  the  original  work.  No  changes  have 
been  made,  except  such  as  have  seemed  calculated  to 
harmonize  it  with  the  system  of  instruction  pursued  in 
the  schools  of  our  country. 

By  a  special  arrangement  with  M.  Ganot,  the  Amer- 
ican publishers  are  enabled  to  present  foe- simile  copies 
of  all  the  original  engravings. 
^N«w  Tom,  June  U,  1860. 


Note. 

At  the  request  of  many  teachers,  a  chapter  has  been  pre- 
pared on  the  Application  of  Physical  Principles  to  MachineSi 
In  the  revised  edition  several  cuts,  with  their  corresponding 
numbers,  have  been  omitted. 

New  York,  June  Ist,  1871 
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ScTENCE  is  a  knowledge  of  the  laws  that, govern 
XlDivei^e. 

A  Law  is  a  necessary  relation  between  cause  and  effect, 
It  IS  assumed  as  the  foundation  of  all  Science^  that  like  causes 
produce  like  effects.    This  principle  is  an  inductive  trutl 
founded  upon  yniversal  experience. 

By  the  Untverse  we  mean  all  that  has  been  created, 
whether  material  or  imraatcriaL  The  Universe  may  be 
regarded  as  made  up  of  mind  and  matter.  Mind  is  that 
which  thinks  and  wills ;  Maitee  is  that  of  which  we  become 
cognizant  through  the  medium  of  the  senses.  Science  ad-^^ 
mits  of  two  oorrespondhig  divisions,  Scie/we  of  Mind.^  ot^^ 
Metaphysics,   and    Science   of  Matter^  or  Natural  Phi-      i 

L080PHY. 

Natural  Philosophy  is  that  branch  of  science  which 
treats  of  the  laws  that  govern  the  material  Universe.  ^J 

Matter  exists  in  two  states,  organized  and  unorganized ^^^ 
it  is  organized  when  its  particles  are  aggregated  into  organs 
adapted  to  the  support  of  liie ;  in  all  other  eases  it  is  un- 


Wbftt  iaScloii<»T  Wli»t  la  n  Law  T  Define  tbe  tjtil verso.  Mind.  Matter.  Wlmt 
■re  the  two  divisifniB  of  Science  y  Wlial  Is  Nuturol  Phil«fioi*hy  f  la  what  two  8tat«* 
nuj  Hatter  exist  r    mastrnte. 
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orzsilied.  Nuural  Philosophy  admits  of  two  correspond- 
r  1^:  tL^  i?i-.»ii- :  Stk^i/y  of  Oryamzed  Jfttifer^  or  Physiology, 
aiid  .v/?  ♦*  .-Y  t  t"  UuK*rga»ti3td  Matter^  or  General  Physics. 
Pf4\,i^;':H'.';7y.  wLich  treaos  of  the  laws  of  matter  as  modi- 
fit^i  I'V  ;hv  j'nniipic  of  \-iiality,  is  divided  into  two  principal 
l-raDO'.fS :  AnUtf^l  Ph\ffU»logy^  or  Zoology,  and  Vegetable 
7*'.y.*r\v  ■;7y,  or  IV«taxy.  Both  of  these  branches,  with  their 
v;.r:..\>   >::lKiivi?ii»ns.  lielong  to  the  domain  of  Natubal 

All  ui.or_-:i:/:2«:-^l  ir.aiter  may  be  divided  into  two  classes, 
CrU^ll.tl  a:... I  T'.rrt^triaL  General  Physics  admits  of  two 
con\->w^:i.;::iir  divisions.  That  branch  which  treats  of  ce- 
lesiial  KHiits.  including  the  earth  as  a  whole,  is  called  As- 
TKoxoMY :  ihai  wliioh  treats  of  terrestrial  bodies,  is  called 
Tei:i:i:<tkial  Piiysk>v 

TEKRE5TKIAL  PiiYsics  is  again  subdivided  into  two 
bninohts.  Tiio  tirst  is  called  Physics  Proper^  or  simply 
Physu^  ;  it  treats  of  the  general  properties  of  bodies.  The 
second  is  called  Chemistry  ;  it  treats  of  the  nature  of  the 
ultimate  particK<  of  Kvlies  and  of  their  laws  of  combination. 
The  first  of  tlu  so  bnniches,  or  Physics,  is  the  subject  treated 
of  in  the  following  jxigos. 

Besides  the  bi*anclios  above  enumerated,  and  which  may 
be  called  Pure  Scknas^  there  are  others  that  depend  upon, 
or  are  applications  of,  two  or  more  of  them.  Such,  for  ex- 
ample, are  the  sciences  of  Geology,  Mineralogy,  Physical 
Geography,  &q.    These  are  called  Mixed  Sciences, 

Into  what  may  Natural  Philosophy  be  divided  ?  What  is  Physiology,  and  what  are 
its  branches?  How  may  Unorganized  Matter  be  divided?  What  are  the  cor- 
responding divisions  of  General  Physics?  Define  them.  How  is  Terrestrial  Phy- 
bIc8  divided?  What  is  Physics  Proper?  Chemistry?  What  are  the  Pore  Sclencefl^ 
and  what  are  some  of  the  Mixed  Sciences  ? 
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CHAPTER    I. 

PRELIMINARY    PBINCIPLE8    AND  MECHANICS    OF  S0UD8. 

1. — DEFINITIONS    AND     GENERAL     PROPERTIES    OF     MATTER. 

Definition  of  Physics— Physical  Agents. 

1.  Physics  is  that  branch  of  Natural  Philosophy  which 
treats  of  the  general  properties  of  bodies,  and  of  the  causes 
that  modify  these  properties. 

The  principal  causes  that  modify  the  properties  of 
bodies  are:  Gravitation^  Ifeat,  Lights  Magnetism^  and 
Electricity.    These  causes  are  called  Physical  Agents, 

Definition  of  a  Body. 

«,  A  Body  is  a  collection  of  material  particles ;  as  a 
stone,  or  a  block  of  wood.  A  body  which  is  excecdhigly 
small  is  called  a  Material  Point, 

Bodies  are  made  up  of  small  particles,  called  Molecules^ 
and  these  again  are  composed  of  still  smaller  elements,  called 
Atoms,  These  atoms  are  inconceivably  small,  and  are  held 
in  their  places  by  the  action  of  two  opposing  systems  of 
forces,  called  Molecular  Forces,  Those  which  tend  to  draw 
atoms  together  are  called  Attractive  Forces^  and  those 
which  tend  to  push  them  asunder  are  called  Repellent 

Forces,      Heat  is  the  principal  if  not  the  only  repellent 

brce  in  Nature. 

<1.)  What  l8  Physics?  What  are  Physical  Agents?  Name  them.  (2.)  Define 
a  Body.  A  Material  Point.  An  Atom.  A  Molecule.  What  are  Molecular  Forces  ? 
Define  Attractive  and  BepcJIent  Forces, 
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BIa88  and  Density. 

8.    The  Mass  of  a  body  is  the  quantity  of  matter  wbi^*^ 
it  contains. 

Different  bodies,  having  the  same  volume,  contain  very  differ^^  \ 
quantities  of  matter;  for  example,  a  cubic  inch  of  lead  conta^**** 
nearly  eleven  times  as  much  matter  as  a  cubic  inch  of  water,     t*^* 
masses  of  bodies  are  proportional  to  their  weights. 

The  Density  of  a  body  is  the  degree  of  closeness  ^>^ 
its  particles. 

Those  bodies  in  which  the  particles  are  close  together  slX'^ 
said  to  be  ctense  ;  thus,  platinum  and  mercury  are  den^^ 
bodies.    Those  in  which  the  particles  are  not  close  togeth^^^ 
are  said  to  be  rare  ;  thus,  steam  and  air  are  rare  bodied-' 
The  densities  of  bodies  having  the  same  bulk  are  propo^^ 
tional  to  their  weights. 

Classification  of  Bodies. 

4.    Bodies  may  exist  in  two  different  states,  the  aolidf 
and  the  fluid. 

Solids  are  those  which  tend  to  retain  a  permanent  form  ; 
as  stones,  metals,  and  the  like.  The  particles  of  such  bodies 
adhere  to  each  other  with  considerable  energy,  and  this  ad- 
hesion can  be  overcome  only  by  the  exertion  of  some  effort. 

Fluids  are  those  whose  particles  move  freely  amongst 
each  other ;  as  water,  alcohol,  and  air.  Such  bodies  have 
no  tendency  to  retain  a  permanent  form,  but  assume  at 
once  the  form  of  the  containing  vessel. 

Fluids  are  divided  into  Liquids  and  Oa^sea  or  Vapors. 
Liquids  are  sensibly  incompressible ;  as  water,  wine,  and 
milk.  Gases  and  vapors  are  highly  compressible;  as  at- 
mospheric air  and  steam. 

(  8.)  What  Is  the  mass  of  a  body  ?    Density  ?    GWo  examples  of  dense  and  rare 
bod/ea,    (4»)  How  are  bodies  divided?    Define  aoUda  aud^xA:^    Unrn  «x«  ^^^ 
^dedf   De&ne  liqaidBf  and  gases  or  yapors. 
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^  solids,  the  molecular  forces  of  attraction  arc  greater 
Am  tlie  repellent  forces,  hence  the  difiiculty  of  m.'jianittng 
'J'eir  molecules ;  i«  liquids,  the  attractive  and  repellent 
forctis  ar€  sensibly  balunced ;  in  gases,  the  repellent  are 
wiorc  powerful  than  the  attractive  forces. 

Many  bodies  may  exist  in  each  of  the  three  states  in  »accc»Hiwr» 
iljus,  if  jee  be  lieated  until  the  repel  lent  farces  balance  ibose  of  ai- 
♦fSfltioa,  it  passes  into  the  iitiuid  state  aud  becomes  water:  if  etitl 
tt»WL' heat  be  applied j  the  repel leiit  forces  prevail  over  ihoBe  of  at- 
^'''^lioi],  and  it  passes  into  the  state  of  vapor  aud  becomei$  Btcam. 

General  Properties  of  Bodies. 

$.    All  bodies  possess  certain  propeities,  the  most  im- 
portant of  which  are :  3fagnliiidey  Form^  ImjMmctrahiUhj^ 
Inertiay  Porosity^    DioUibility^    ComprcmihiUty^  DUata- 
ibilltyj  and  IHlasUcUy, 

MagBitijde  and  Form^ 

6.    The  Magniti'DE  of  a  body  is  its  bulk,  or  the  por- 
^^tion  of  space  that  it  fills.     It  is  evident  that  a  body  can  not 
^Bexist  without    possessing   the   three   attributes  of  length, 
^■breadth,  and  thickness. 
"    The  Form  of  a  body  is  its  external  shape.     Bodies  may 

have  the  same  magnitude  and  be  very  different  in  shape ; 

they  may  likewise  be  of  the  same  form  and  yet  be  of  very 
^different  magnitudes. 

^H  Impenetzabllity. 

H  7.  InrPENiTRABiLiTY  IS  that  property  by  virttie  of  which 
no  two  bodies  can  occnpy  the  same  place  at  the  same  time. 
This  propeity  is  self-evident,  ahhough  phenomena  are  ol>- 
served  which  would  seem  to  conHict  with  it.  Thus,  when 
a  pint  of  alcohol  is  mixed  with  a  pint  of  water,  the  vohnne 
of  the  resulting  mixture  is  less  than  a  (piart.     This  diminu- 


IDoitriike.    <  5*)  What  prot-ertlea  belong  to  ftll  \mx\\^  f    (  6.    Wliftt  1*  Magiilta^  t 
FOTmf    (  7*)  WhailaltnpeiiPtTabLIity?    lauKtmta. 
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tion  of  volume  arises  from  the  particles  of  one  of  the  fLvii^^ 
insinuating  themselves  between  those  of  the  other ;  but>  i^ 
is  clear  that  where  a  particle  of  alcohol  is,  there  a  ^&nicl^ 
of  water  can  not  be.      In  like  manner  when  a  nail  is  driven 
into  a  board,  the  particles  of  the  latter  are  thrust  aside  and 
compressed  to  make  room  for  those  of  the  former. 

Inertia. 

8*  Inertia  is  the  tendency  which  a  body  has  to  main- 
tain its  state  of  rest  or  motion.  If  a  body  is  at  rest  it  has 
no  power  to  set  itself  in  motion,  or  if  it  is  in  motion  it  has 
no  power  to  change  either  its  rate  of  motion  or  the  direc- 
tion in  which  it  is  moving.  Hence,  if  a  body  is  at  rest,  it  * 
will  remain  at  rest,  or  if  in  motion,  it  will  move  on  inii- 
formly  in  a  straight  line  until  acted  upon  by  some  force. 

Tlio  roaKon  why  we  do  not  see  bodies  continue  to  move  on  uiii- 
Ibrmly  in  ntraight  lines,  when  set  in  motion,  is  that  they  are  con- 
tinually acted  upon  by  forces  which  change  their  state  of  motion. 
Thus,  a  ball  thrown  from  the  hand,  besides  meeting  with  the  resist- 
ance of  the  nir,  is  continually  drawn  downwards  by  the  attraction  of 
the  earth,  till  at  last  it  is  brought  to  rest. 

Many  familiar  phenomena  are  explained  by  the  principle  of  in- 
ertia. For  example,  when  a  vehicle  in  motion  is  suddenly  arrested, 
loose  articles  in  it  are  thrown  to  the  front,  because  they  tend  to  keep 
the  motion  which  they  had  acquired.  When  a  man  in  running 
strikes  his  foot  against  an  obstacle,  the  inertia  of  the  upper  part  of 
his  body  carries  it  forward,  and  he  falls  to  the  ground.  For  the 
same  reason,  when  a  man  jumps  from  a  car  in  motion,  lie  will  be  in 
danger  of  falling  in  the  direction  of  the  moving  car.  It  is  inertia 
which  renders  accidents  upon  railroads  so  terrible.  When  from  any 
cause  the  locomotive  is  suddenly  arrested,  the  inertia  of  the  entire 
train  acts  to  pile  the  cars  together  in  one  general  wreck.  It  is  the 
inertia  of  the  hammer  that  enables  it  to  overcome  the  resistance 

Give  examples  of  apparent  p«^netrabllity.  <  8»^  What  is  Inertia?  Illustrate.  Why 
do  we  not  see  bodies  conform  to  the  law  qf  inertia  t  Oioe  examples  of  the  prin- 
ciple  qf  inertia. 
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wluch  tbo  wood  offers  to  the  entering  nail ;  and  in  driving  pilea,  i 
Fnaciptil  eSvei  is  due  to  the  inertia  of  the  deacending  ram. 

Porosity, 

111  Porosity  is  tht*  degree  of  septaralbn  between  the  mc 

piilcsofabody.  The  inter- 
I  "^'^s  between   tlie    mole-  ~ 

cules  are    called     pores, 

^Tjen  tliese  intervals  are 
)  ^^7  great,  the  body  is 
^  8ftid  to  be  porous^  as  in 
^  »t^am^  air,  and  gases. 
Wjeti  the  intervals  are 
^^0'  anialj,  tbe  body  is 
Uaid  to  be  dense,  as  in 
^•^H  phitinum,  and  mer- 
cury. Pores  ninst  not  be 
r^iiftjimded  witli  cell%  as 
«i8|)onge,  light  bread,  and 
the  like. 

All  bodicH  are  more  or 
ksB  porous. 

The  following  experiment 
«how8  the  porosity  of  leather, 
A  loijg  ^loss  tube  (Fig.  I)  is 
surmounted  by  a  brass  cup, 
T»Tl.h  a  thick  leather  boUorn, 
fitting  the  tube  air- light,  Ttie 
lower  end  of  the  tube  tenrun- 
fttes  in  a  brass  cap.  wnich  is 
iched  to  a  machiue  for  ex- 
isting the  air  from  the  tube, 
iilied  an  air-pump,  Fig. 

](  a  quanlity  of  mercury  is 


(ft.)  "WTi**  *'^""''^*y*    Wben  are  TicMiies  porouar    When  dense f    l^jplain  \ 
^gp^Hmmt  gk(>ufing  the  porotUy  qf  leather. 


16 


rOPtJLAB  PHYSICS. 


poured  into  the  upper  cup,  and  the  air  exhausted  from  the  tube,  lli« 
mercury,  being  prcfiscd  down  by  the  external  air,  is  seen  falliiig 
through  Itie  leal  her  in  small  drops  like  rain. 

Gold  was  shown  to  be  porous  by^  some  Florentine  philosopher  IQ 
the  following  raaDDcr.  A  hollow  sphere  of  gold  was  filled  vn^ 
water  and  lighlly  closedy  after  which  it  was  subjected  to  great  pres- 
sure. The  water  w^as  seen  to  is^ue  from  the  globe  and  form  on  it* 
surface  like  dew.  The  experiment  has  since  been  repeated  witli 
other  metals,  and  with  like  re^:ults. 

Gases  are  shown  to  be  porous  by  their  enorrimns  reduction  tn  Tolume 
when  compressed :  if  a  gas  be  introduced  itno  a  jar,  it  will  spread  by 
its  expansive  force  and  compleioly  fill  the  vessel ;  if  a  second  gasb« 
introduced  into  the  same  vessel,  it  likewise  expands  and  fills  the 
vessel  aii  though  the  first  gas  did  not  exist.  This  proA^es  tliaUlie 
molecules  of  the  second  gas  arrange  themselves  in  lUc  pores  of  tlie 


1 


Fig.  S.  Fig.  8. 

TliL*  property  of  porosity  finds  an  important  application  ii 
ihu  |*nH'i'ss  of  filteiinir,  tljat  is,  in  se[jarating  foreign  particles 
from  liqui*ls. 


Erplafn  the  Florentine  exptHmmL    ^feai  we  flU^TiT 


.J 


Fig.  2  reppesenls  a  filter  for  purifymg  water ;  it  i«  simply  a  bax 
divided  ioto  two  parts  by  a  partition  of  porouA  «lone,  A.  The  water 
to  befiUered  is  placed  in  the  upper  part,  from  which  it  jmaseA  aJowJy 
itttotlie  lower  part  through  the  pores  of  the  stone.  In  one  corner  of 
ti»*  bdx  ia  a  tube,  a,  which  permits  the  air  to  escape  as  the  lownr 
part  of  the  box  fills  with  water  Tho  purified  water  is  drawn  otT  by 
incana  of  a  faucet  near  the  bottom  of  the  box. 

%  3  represents  a  filter  Uf^ed  by  chemists.  It  consists  of  a  pockel 
^  some  porous  material  as  felt,  for  example^  suspended  by  cords, 
■T^sBbatance  to  be  filtered  is  poured  into  the  pockel,  from  which 
^^*  liquid  escapes  slowly  through    the  pores,  leaving  the  solid  parls 

filters  are  also  formed  by  layers  of  powdered  charcoaJ,  or  finely 
troand  quartz,  through  the  pores  of  which  the  liquids  pass.  It  is  to 
*l»itanil  filtration  through  sand  that  many  kiuds  of  spring  water 
^e  their  purity, 

h  m  in  consequence  of  porosity,  that  burning  eoals  covered  up  with 
■'heg  continue  to  burn  slowly.  The  air  which  is  necespary  to  com- 
*'Mstion  penetrates  through  the  pores  of  the  ashes,  in  sufficient  quan- 
^'fy  to  keep  the  fire  from  being  entirely  extinguished, 

Finallyj  it  is  in  cmiscqucnce  of  their  porosity,  that  many  kinds  of 
Wood  absorb  moisture  from  the  air,  and  tend  to  sweJl  and  crnck  ;  this 
^iificuUy  is  remedied  by  applying  oils  and  varnishes^  which  close  the 
pores  and  exclude  the  moisture. 


I 


Diviiiibility. 


10.    DrvTSiBiLiTY  is  that  property  by  Tirttie  of  which 
>0(ly  may  be  divided  into  parts.     All  bodies  are  capalile  of 
mbdivision,  and  in  many  cases  the  pat  ts  that  may  be  ob- 
ained  arc  of  alinost  inconceivable  minuteness. 

The  following  examples  serve  to  show  the  extreme  smallnesis  ot 
le  molecules  of  matter.  A  single  grain  of  carmine  imparts  a  seii- 
ble  color  to  a  gallon  of  w^ater :  Ihis  gallon  of  waler  may  be  sepa* 
lied  into  a  million  of  drops,  and  if  we  suppose  each  drop  to  contain 
in  particles   of  carmine,  which  ie  a  low  estimate,  w^e  shall  have 


I 
I 

iia   \ 


Jbptain,  the  vf^Ut  ^U$f,    Krpltiin  thu  chmtitfFa  fiifer.    Other  applicatiaM  of 
9r9$li^,    (10.)  Whftt  la  Divisibility  f    GiwtmampiMt^divivibUUyh^  whiJiAMk. 
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divided  the  grain  of  carmine  into  ten  million  of  molecules,  eaeb  ^ 
which  is  visible  to  the  naked  eye. 

The  microscope  reveals  to  us,  in  certain  vegetable  infusions,  (W*- 
malculiB  so  small  that  several  hundred  of  them  can  swim  in  a  drop 
of  water  that  adheres  to  the  point  of  a  needle.     These  little  animals 
are  capable  of  motion,  and  even  of  preying  upon  each  other :  they  there- 
fore possess  organs  of  motion,  digestion,  and  the  like.     How  minute, 
then,  must  be  the  molecules  which  go  to  make  up  these  organs.  ' 

A  grain  of  musk  is  capable  of  diffusing  its  odor  through  an  apart-      ] 
ment  for  years,  with  scarcely  an  appreciable  diminution  of  its  weight.      1 
This  shows  that  the  molecules  of  musk  continually  given  off  to  re- 
plenish the  odor,  are  of  inconceivable  smallness. 

The  blood  of  animals  consists  of  minute  red  globules  swimming 
in  a  serous  fluid  ;  these  globules  are  so  small  that  a  drop  of  human 
blood,  no  larger  than  the  head  of  a  small  pin,  contains  at  least 
50.000  of  them.  In  many  animals  these  globules  are  still  smaller  ; 
in  the  musk  deer,  for  example,  a  single  drop  of  blood  of  the.  size  of  a 
pin^s  head  contains  at  least  a  million  of  them. 

Compressibility. 

11,  Compressibility  is  the  property  of  being  reduced 
to  a  smaller  space  by  pressure.  This  property  is  a  conse- 
quence of  porosity,  and  the  change  of  bulk  comes  from  the 
particles  being  brought  nearer  together  by  the  pressure. 
Sponge,  india-rubber,  cork,  and  elder  pith,  are  examples 
of  compressible  bodies  ;  they  may  be  sensibly  diminished  in 
volume  by  the  pressure  of  the  fingers.  Gases  are,  however, 
the  best  examples  of  compressible  bodies. 

Fig.  4  represents  an  apparatus  by  means  of  which  the  com- 
pressibility of  gases  may  be  shown.  It  consists  of  a  tube  of  glass, 
with  metallic  caps,  completely  closed  at  its  lower  end.  An  air-tight 
piston  is  introduced  at  the  upper  end,  and  on  being  pushed  down  we 
see  the  inclosed  air  reduced  to  the  half,  fourth,  and  even  the  hun- 
dredth part  of  its  original  bulk. 


EoMmpUtqffninuU  animals,    .gteampl«8o/odorV6r«tw"bodie%.    Blood  qUXaiIck. 
{II,)  What  Is  CampreaalbiUty  f    Examples.    ET^plaAn  tJie  e»peHme«t. 
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if  the  piston  be  raised  after  the  air  has  been  compressed,  it 
will  expand  and  fill  the  tube.  Almost  all  bodies  expand  on 
being  heated.  It  is  on  this  principle  that  thermometers  are 
constructed.     In  cooling,  bodies  contract. 

A  familiar  example  of  dilatability  and  oontractibility  is  shown  in 
the  process  of  fitting  the  tire  upon  a  carriage  wheel.  The  tire  is 
made  a  little  smaller  than  the  wheel,  but  on  being  heated  it  expands 
so  as  to  embrace  it :  on  cooling  it  contracts  again  and  draws  the 
parts  of  the  wheel  tightly  together. 

The  same  property  of  metals  has  been  used  for  producing  great 
pressures,  and  even  for  restoring  inclined  walls  to  an  erect  position. 

Xnasticity. 

13.  Elasticity  is  the  property  which  bodies  possess  of 
recovering  their  original  shape  and  size  after  having  been 
either  compressed  or  extended. 

Bodies  differ  in  their  degree  of  elasticity,  yet  all  are  more 
or  less  elastic.  India-rubber,  ivory,  and  whalebone  are 
examples  of  highly  elastic  bodies.  Putty  and  clay  are 
examples  of  those  which  are  only  slightly  elastic. 

If  air  be  compressed,  its  elasticity  tends  to  restore  it  to  its  original 
bulk ;  this  property  has  been  utilized  in  making  air-beds,  air-cush- 
ions, and  even  in  forming  car-springs.  If  a  spring  of  steel  be  bent, 
its  elasticity  tends  to  unbend  it ;  this  principle  is  employed  in  giving 
motion  to  watches,  clocks,  and  the  like.  If  a  body  be  twisted,  its 
elasticity  tends  to  untwist  it,  as  is  observed  in  the  tendency  of  yam 
and  thread  to  untwist ;  this  principle,  under  the  name  of  torsion,  is 
used  to  measure  the  deflective  force  of  magnetism.  If  a  body  be 
stretched,  its  elasticity  tends  to  reduce  it  to  its  original  length,  as  is 
shown  by  stretching  a  piece  of  india-rubber,  and  then  allowing  it 
to  contract. 

We  see  that  the  elasticity  of  a  body  may  be  brought  into  play  by 
four  different  methods :  by  pressure,  hy  flexure  or  bending,  by  torsion 

Example.    Application  in  putting  tirs  upon  a  wheel.   Eosample  cf  reetoring 
waWi.    (13.)  What  is  Elasticity?     Give  examples  of  highly  and  slightly  elastic 
hodiea.    Give  etaar/iplea  of  the  appUeationt  cif  ekisticitv.   How  ma'vi  <iUa.idActft>i  ^ 
^fw^A^inioplapf  JEiBamplei. 
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ffltwifitingj  and  by  tension  or  stretching.  In  whatever  way  it  moy 
be  developed,  it  is  the  result  of  molecuJar  displacement.  Thus, 
when  air  is  compressed,  the  repulsions  between  the  molecules  tend 
to  expaud  it.  Again^  when  a  spring  is  bent,  the  particles  on  the  out- 
Aide  are  drawn  asunder,  whilfcl  those  oq   the  inside  are  pressed  ta 

'  gether;  the  attractions  of  ihe  former  and  ihe  repulsions  of  the  latter 

tend  to  restore  the  spring  to  its  original  shape. 
The  most  elastic  bodies  are  gases ;  after  them  come  tempered  steel 

whalebone^  indin-rubberj  ivory,  gloss,  kc. 

Fig.  5  illusl rates  the  meth- 
od   of    showing    that    ivory 

is  elastic,  and   at   the  same 

time  that   the    cause    of  its 

elasticity    is    molecular    dis- 
placement.    It  couKifits  of  a 

polished  plate  of  marb!e,  over 

which  is  spread  a  thin  layer 

of  oil.     If  a  ball  of  ivory  be 

let  fall  upon  it  from  different 

heights,  it  will  at  each  time 

rebound,    leaving    a  circular 

impression  on  the  plate,  which 

ia  the  larger  as  the  ball  falls 

from  a  greater  height.    This 

experiment    shows    that    the 

ball  18  flattened  each  time  by 

the  fall,  that  the  flattening  in-  Fig.  5, 

creases  as  the  height  increases, 

and  that  the  action  of  the  compressed  molecules  causes  it  to  rebound. 
The  property  of  ela»ticily  is  utilized  in  the  arts  in  a  great  variety 

of  ways.     When  a  cork  is  forced  into  the  mouth  of  a  bottle,  its  elns- 

icity  causes  it  to  expand  and  fill  the  neck  so  as  to  render  it  both 
rater  and  air-tight.     It  is  the  elasticity  of  air    that    causes  india- 
rubber  balls,  filled  with  air,  to  rebound  when  thrown  upon  hard  sub- 

■tances.     It  is  the  elasticity  of  steel    that     renders  it  of  use  in 


I 

i 


W%4a  hodita  ar0  *»^  alatHef  How  U  U  «Aoim  VkoX  ii^or^  in  ctcMtiol    Sgbplaiiv 
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springs  for  moving  machinery,  as  well  as  for  easing  the  motL  • 
carriages  over  rough  roads.      It  is  the  elasticity  of  cords  that  re^ 
them  applicable  to  musical  instruments.     It  is  the  elasticity  <> 
that  renders  it  a  fit  vehicle  for  transmitting  sound.     It  is  the    ^ 
ticity  of  the  etherial   medium  pervading  space    that    renders 
capable  of  transmitting  light. 


/ 


II.  —  UECIIANICAL      PRINCIPLES 

Definition  of  Mecfaanios. 

14.  Mechanics  is  th«it  branch  of  Physics  which  treats 
of  the  laws  of  rest  and  motion.  It  also  treats  of  the  action 
of  forces  upon  bodies. 

Rest  and  Motion. 

15.  A  body  is  at  rest  when  it  retains  its  position  in 
8j)jice.  It  is  ill  MOTION  when  it  continually  changes  its  po- 
sition ill  8})ace. 

A  body  is  at  rest  with  respect  to  surrounding  bodies, 
when  it  retains  the  same  relative  position  with  respect  to 
thoiii,  and  it  is  in  motion  with  respect  to  surrounding  ob- 
jects when  it  continually  changes  its  relative  position  with 
respect  to  them.  These  states  of  rest  and  motion  ar^  called 
Relative  Best  and  Relative  Motion^  to  distinguish  them 
from  Absolute  Hest  and  Absolute  Motion. 

When  a  body  remains  fixed  on  the  deck  of  a  moving  vessel  or  boat, 
it  is  at  rest  with  respect  to  the  parts  of  the  vessel,  although  it  pa^ 
takes  with  them  in  the  common  motion  of  the  vessel.  When  a  man 
walks  about  the  deck  of  a  vessel,  he  is  in  motion  with  respect  to  the 
parts  of  the  vessel,  but  he  may  be  at  rest  with  resp'.ct  to  objects  on 
shore ;  this  will  be  the  case  when  he  travels  as  fast  as  the  vessel 
sails,  but  in  an  opposite  direction.  In  consequence  of  the  earth's 
motion  around  its  axis  and  about  the  sun,  together  with  the  motion 


Stringed  instrumenUi.  Trawmiiaaion  qf  light  (14.)  Wliat  is  Ifeehsolfitf 
15.)  When  is  a  body  at  rest?  When  in  motion?  Explain  ralatiTe  and  abioliitt 
)8t  and  motion.    JHustraU  by  exampUa. 
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^  ^  ^hole  solar  system  through  space,  it  is  not  likely  that  any 
?•"  ^^  our  system  is  in  a  state  of  absolute  rest  for  any  appreciable 

^^  of  time. 

Di£Eerent  kinds   of  Motion. 

16.   Motion  may  be  rectilinear  or  curvilinear ;   it  is 

Wilinear  when  the  path  of  the  moving  body  is  a  straight 

fine,  and  it  is  cui'vilinear  when  this  path  is  a  cui-ved  line. 

lie  motion  of  a  train  of  cars  along  a  straight  track  is  an 

example  of  rectilinear  motion ;  the  motion  of  the  same  train 

in  passmg  romid  a  curve  is  an  example  of  curvilinear 

inotioa 

Uniform  Motion —Velooity. 

17.  Uniform  Motion  is  that  in  wliich  a  body  passes 
over  equal  spaces  in  equal  times.  Thus,  every  point  on  the 
Burface  of  the  earth  is,  by  its  revolution,  carried  around  the 
axis  \7ith  a  uniform  motion. 

in  this  kind  of  motion  the  space  passed  over  in  one 
aecond  of  time  is  called  the  velocity.  Thus,  if  a  train  of 
cars  travel  uniformly  at  the  rate  of  20  miles  per  hour,  its 
velocity  is  29.3  feet.  Instead  of  taking  a  second  as  the  unit 
of  timc^  we  might  adopt  a  minute,  or  an  hour.  In  the  same 
case  as  before  we  might  say,  that  the  velocity  of  the  train 
is  one  third  of  a  mile  per  minute,  or  twenty  miles  per  hour. 

Varied  Motion— Accelerated  and  Retarded  Motion. 

18.  Varied  Motion  is  that  in  which  a  body  passes 
over  unequal  spaces  in  equal  times.  If  the  spaces  passed 
over  in  equal  times  go  on  increasing,  the  motion  is  acceler- 
ated;  such  is  the  motion  of  a  train  of  cars  when  starting, 
or  that  of  a  body  falling  towards  the  surface  of  the  earth. 
If  the  spaces  passed  over  go  on  decreasing,  the  motion  is 


( 16.)  What  is  Bectiline«r  Motion  ?    GurvHinear  Motion  ?    Examples. 

(17.)  Wlut  is  Uniform  Motion?  Example.  What  is  meant  by  velocity?  Example. 

( 1 8.)  What  is  VaAed  Motion  T    When  is  it  accelerated  and  wK^u  TQlat^L  «^  ^ 
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retarded  ;  such  is  the  motion  of  a  train  of  cars  when  comii::^^ 
to  rest,  or  that  of  a  body  thrown  vertically  upwards. 

When  the  spaces  passed  over  in  equal  times  are  continC 
ally  increased  or  decreased  by  the  same  quantity,  the  motioo 
is  uniformly  accelerated^  or  uniformly  retarded.  The  mo- 
tion of  a  body  falling  in  a  vacuum,  is  uniformly  aecdeir^ 
ated;  that  of  a  body  shot  vertically  upwards  in  a  vacuum, 
is  uniformly  retarded. 

The  velocity  of  a  body  havmg  varied  motion  at  any  time, 
is  the  rate  of  the  body's  motion  at  that  time.  In  varied 
motion  the  velocity  is  continually  changing. 

Forces,  Powers,    and  Resistances. 

19.  If  a  body  is  at  rest,  any  cause  that  tends  to  set  it 
in  motion,  is  called  a  Force  /  if  a  body  is  in  motion,  any 
cause  that  tends  to  make  it  move  faster,  or  slower,  or  to 
change  its  direction,  is  called  a  Force, 

A  Force,  then,  is  any  cause  that  tends  to  change  the 
state  of  a  body,  with  respect  to  rest  or  motion. 

The  attractions  and  repulsions  between  the  molecules  of  bodies 
are  forces ;  the  muscular  efforts  of  men  or  animals,  employed  in 
accomplishing  any  kind  of  work,  are  forces;  the  elastic  efforts  of 
gases  and  vapors  are  forces. 

Forces  which  act  to  produce  motion  are  called  Powers; 
those  which  act  to  prevent  or  destroy  motion  are  called 
Mesistances.  The  effort  of  steam  employed  in  moving  a 
train  of  cars  is  a  power,  whilst  friction  and  the  inertia  of  the 
air,  which  tend  to  retard  the  motion,  are  resistances.  Pow- 
ers tend  to  accelerate  motion,  and  are  for  that  reason  called 
Accelerating  Forces.  Resistances,  on  the  contrary,  tend  to 
T3tard  motion,  and  are  for  that  reason  called  Retarding 
Forces, 


Examples.  Define  uniformly  accelerated  and  nnlformly  retarded  motion.  Ex- 
>P>e8.  (19.)  What  is  a  Force?  Examples.  Define  Powers  and  Besistuioaii 
ttmplea.    By  what  other  names  may  they  be  called  ? 


Distinctive  Ohameiensticfl 

90.    In  order  that  the  effect  of  any  force  may  b©  doin- 

r'^tol)*  unclerstocMl,  tliree  tilings  must  be  known :  its  j)0i/U 
'/(fpfilirafion,  its  tUrection,  and  its  intmsity. 

Be  point  of  applictttion  of  a  force  is  the  point  where  it 
exerts  its  action.  Thus,  in  Fig.  G,  which  reprusmts  a  child 
'Iravving  a  wagoii,  the  force  exerted  by  the  child  hm  ila 
pint  of  apphcatiou  a.t  dl. 


4 


Tlie  direction  of  a  force  is  the  line  along  which  H  acta ; 
thus,  in  Fig.  6,  the  line  AB  is  the  direction  of  the  force 

exerted  by  the  child. 

The  intmsity  of  a  force  Is  the  energy  with  which  it  acts  ; 
thus,  in  the  same  example  as  before,  tlie  intensity  of  the 
force  exerted  is  the  energy  which  the  child  exerts  in  over- 
ci>niing  tlie  resistance  of  the  wagon. 
The  intenstty  of  a  force  is  measured  in  p<^mid8;  thoB,  a 
ree  of  fifty  poimds  is  a  force  necessary  to  sustain  a  weight 
of  fifty  pounds.  T}:e  inlensity  ^^^  a  force  may  be  represented 
by  a  distance  which  is  usually  hiid  off  on  tfie  line  of  direc- 

(20  )  What  three  alement^  ileleraiine  »  force?    l>eilne  the  jKilut  »f  sppUcatloia. 
The  1iiif<  of  dfroctJuru    Tliq  intettstty.     How  la  Uie  liitoiislty  moasurud  f    How  rttpre* 
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poured  into  tbc  upper  cup,  and  the  air  exhausted  from  the  tube,  ih 
mercury,  being  pressed  down  by  the  external  air,  tfi  acen  fallij) 
through  the  leather  in  small  drope  iiko  rain. 

Gold  was  shown  to  be  porous  by  seme  Florentine  phifoRophers  i 
the  following  manner.  A  hollow  sphere  of  gold  wa^  filled  wit 
water  and  lightly  closed,  after  which  it  was  suhjeetcd  to  great  prej 
Bure.  The  water  was  seen  to  isj^ue  from  the  glohe  and  thrm  on  ii 
surface  like  dew.  The  experiment  has  eince  been  repeated  wll 
other  metaU.  and  wilh  like  re^:ulL8. 

Gases  are  .shown  to  be  porous  by  their  enormous  reduction  in  volura 
when  compressed:  if  a  gas  be  introduced  into  ajar,  it  will  spread  b 
its  expansive  force  and  completely  fill  the  vessel  ;  if  a  second  gas  h 
introduced  into  the  same  vessel,  it  likewise  expanda  and  fills  tb 
vessel  as  though  the  first  gas  did  not  exist.  This  proves  that  th 
molecules  of  tbe  second  gas  ajrange  themselves  in  the 
first. 


Fl?.  8.  Ffg.  8. 

The  propeity  of  porosity  finds  an  important  ap))licjitiou  h 
the  pt'iXTss  offilteiirj^,  tliut  is,  in  separating  foreign  pailicle 
/hmi  //q  flit  Is. 


i 


GEXKRAL   PROPKBTIES   OF  BOmSk  1" 

Fi»  i  represcDta  a  filter  for  purifying  water;  il  is  fiimply  &  ben 
divided  uito  two  parts  by  a  partition  of  porous  stone,  A.  The  wai«r 
to  be  filtered  is  placed  in  the  upper  part,  from  \*Uich  it  passes  alowty 
inio  (he  lower  part  through  the  pores  of  the  stono.  In  ope  corner  of 
tfae  box  is  a  tube,  o,  which  permits  the  air  to  eucape  a»  the  lower 
Jiftrtof  the  box  fills  with  water.  The  purified  water  is  dra^ii  off  by 
iJieanaof  a  faucet  near  the  bottom  of  the  box. 

Fig.  3  represents  a  filter  u^ed  by  chemist-s.  U  consists  of  a  pocket 
<f(  some  porotis  materialj  aa  felt,  for  example,  suspended  by  cords. 
riie  substance  to  be  filtered  is  poured  into  the  pocket,  from  which 
ih&  liquid  escapes  slowly  through  the  poresi^  leaving  the  solid  parta 
behind. 

Filters  are  also  formed  by  layers  of  powdered  charcoal,  or  finely 
.ground  quartz,  through  the  pores  of  which  the  liquids  pass.  It  is  to 
a  natural  filtration  through  sand  that  many  kinds  of  spring  water 
owe  their  purity. 

It  is  in  consequence  of  porosity,  that  burniri?  coals  covered  up  with 
ashes  continue  to  burn  slowly.  The  air  which  is  necessary  to  com- 
luslion  penetrates  through  the  pores  of  the  ashes,  in  sufficient  quan- 
ity  to  keep  the  fire  from  being  entirely  extinguished. 

Finally,  it  is  in  conscquenco  of  their  porosity;  that  many  kinds  of 
wood  absorb  moisture  from  the  air.  and  tend  to  swell  and  crock  ]  this 
ditlicuUy  is  remedied  by  applying  oils  and  varnishes^  which  close 
pores  and  exclude  the  moisture. 


Divisibility. 


H     JO.     DmsiBiLiTY  is  that  property  by  virtue  of  which  a 
^Bto^ly  may  be  tlivided  into  j>artB.     All  bodi(?,s  are  capable  of 
^■tubdiviwon,  and  iri  many  cases  the  pails  that  may  be 
^Plained  are  of  almost  inconceivable  minuteness. 

The  following  examples  serve  to  show  the  extreme  small ness  of 
the  molecules  of  matter.  A  single  grain  of  carmine  imparts  a  sen- 
Bible  color  to  a  sallon  of  water:  this  gallon  of  water  may  be  sepa- 
rated into  a  million  of  drops,  and  if  we  suppose  each  drop  to  contain 
ten  particles  of  carmine*  which  is  a  low  eatimatc,  we  shall  have 


the         J 


m 


I 


MytSa*m  *l«r  tetfUr  ,mUr,    ^pUHn  ih«  ehemUrn  fftftr.    OUktff  ciTppUcoH<wwi  of 
jk)f^M^.    (  JO.)  WJmt  h  DirUUbmtr  f    Give  ^eamplM  of  diwiMlit-y  b-y  nolutioiv. 
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divided  the  grain  of  carmine  into  ten  million  of  molecules,  each  of 
which  is  visible  to  the  naked  eye. 

The  microscope  reveals  to  us,  in  certain  vegetable  infusions,  ani- 
malcul<B  so  small  that  several  hundred  of  them  can  swim  in  a  drop 
of  water  that  adheres  to  the  point  of  a  needle.  These  little  animals 
are  capable  of  motion,  and  even  of  preying  upon  each  other ;  they  there- 
fore possess  organs  of  motion,  digestion,  and  the  like.  How  minute, 
then,  must  be  the  molecules  which  go  to  make  up  these  organs. 

A  grain  of  musk  is  capable  of  diffusing  its  odor  through  an  apart- 
ment for  years,  with  scarcely  an  appreciable  diminution  of  its  weight. 
This  shows  that  the  molecules  of  musk  continually  given  off  to  re- 
plenish the  odor,  are  of  inconceivable  smallness. 

The  blood  of  animals  consists  of  minute  red  globules  swimming 
in  a  serous  fluid  ;  these  globules  are  so  small  that  a  drop  of  human 
blood,  no  larger  than  the  head  of  a  small  pin,  contains  at  least 
50.000  of  them.  In  many  animals  these  globules  are  still  smaller  ; 
in  the  musk  deer,  for  example,  a  single  drop  of  blood  of  the.  size  of  a 
pin's  head  contains  at  least  a  million  of  them. 

Compresfdbility. 

11,  Compressibility  is  the  property  of  being  reduced 
to  a  smaller  space  by  pressure.  This  property  is  a  conse- 
quence of  porosity,  and  the  change  of  bulk  comes  from  the 
particles  being  brought  nearer  together  by  the  pressure. 
Sponge,  india-rubber,  cork,  and  elder  pith,  are  examples 
of  compressible  bodies ;  they  may  be  sensibly  diminished  in 
volume  by  the  pressure  of  the  fingers.  Gases  are,  however, 
the  best  examples  of  compressible  bodies. 

Fig.  4  represents  an  apparatus  by  means  of  which  the  com- 
pressibility of  gases  may  be  shown.  It  consists  of  a  tube  of  glass, 
with  metallic  caps,  completely  closed  at  its  lower  end.  An  air-tight 
piston  is  introduced  at  the  upper  end,  and  on  being  pushed  down  we 
see  the  inclosed  air  reduced  to  the  half,  fourth,  and  even  the  hun- 
dredth part  of  its  original  bulk. 


JRBomples  o/ftUmtte  animaU,   EaaampU^  of  ocTor^ereiM  bodiM.    Blood  glodulML 
CJI»)  WhatiaCompreaeihinty}    Examples,    itoploiu  th*  «»peHm«ia. 


XjenqatdBe&mprta^Mef  Are  loctola  compresfiible  ?    Haws^^^xi^    i\^>^ 
UDliaUbUltif 


^\^^ 


r  lb-   vEuo.    e- 


db[T  aone 


-^jsimuiiSi    of  iinni-^  -saBSK    immsb.     Pissr 

*;4i*r,*^.,r  >:%^  v.  -Rui-JTitf  SL  «§  s  fAKTrat  a  tke  teadeacj  of  yam 
iiMwl  ti^ret^  V/  oi-»-j*c :  c-*  pr^wi;^  ■uAcr  ike  HUDe  of  lornoM,  is 
<M*4  I//  ffi^.^7r^  \LA  dc^flecsire  iorve  of  magnctiaB.  If  a  body  be 
t^tfi^j^t^A^  itK  «iiajit;<nt7  xtiA^  to  rednee  it  to  iu  origiiial  leogib,  as  ia 
tt\i4fii,t$  \,y  fttf^^hiA^  a  piece  of  india-rubber,  and  tben  allowing  it 

Vdn  n*'n  that  lfi*j  ^IflKtieity  of  a  body  may  be  brought  into  play  by 
Utm  (i)tttttniii  maiUftdn :  by  pressure,  hjJUxure  or  bending,  by  torsion 


,  »ir  rifc 
::f  a  ^pas  «f  Meel  be  botf, 
-ais  ic-jncpe  aa  cBUfMivedl  im  siriBg 
ac  lifie.     If  a  bair  be  rvkted,  its 


|K*MM(|fiM  AftftfhifH4(Ht  in  putU/ng  firs  upon  a  wheel.  EaoampU  cf  reitoring 
WHHn  MMi)  WImf  U  KlMiliiHyt  Give  examples  of  highly  and  slightly  elastic 
JtM^MM    hhn  it*ft9rttih»  ti/^§  appUeaHons  qf  elasticity.   How  ma^  «iUMble<iv  ^« 
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Of  twiating,  and  by  tension  or  (stretching.  In  wbalerer  way  it  may 
be  developed,  it  is  the  remilt  of  molecular  displacement.  Tbiis, 
when  air  is  compressed,  the  repulsions  between  the  molecules  tend 
U>  expand  it.  Again,  when  a  spring  is  bent,  the  particles  on  the  onu 
side  are  drawn  asunder^  whilst  those  on  the  inside  are  pressed  to»  i 
gelher;  the  attractions  of  the  former  and  the  repulsions  of  the  latter  J 
tend  to  restore  the  spring  to  its  original  shape. 

The  mortt  elastic  bodies  are  ^ases :  after  them  come  tempered  steel 
whalebone^  india-rubber^  ivory,  glass,  &c« 

Fig.  5  illustrates  the  meth- 
od of  showing  that  ivory 
is  elastic,  and  at  the  same 
time  that  the  cause  of  its 
elasticity  is  molecular  dis- 
placement. It  consists  of  a 
polished  plate  of  marble^  over 
which  is  spread  a  thin  layer 
of  oil.  If  a  ball  of  ivory  be 
let  fall  upon  it  from  different 
heights,  it  will  at  each  time 
rebound,  leaving  a  circular 
impression  on  the  plate,  which 
is  the  larger  as  the  ball  falls 
a  greater  height.  This 
experiment  shows  that  the 
ball  is  flattened  each  time  by 
the  fall,  that  the  flattening  in- 
creases as  the  height  increases^ 
and  that  the  action  of  the  compressed  molecules  causes  it  to  rebound. 
The  property  of  elasticity  is  utilized  in  the  arts  in  a  great  variety 
of  ways.  When  a  cork  is  forced  into  the  mouth  of  a  boUle,  its  elas- 
klicity  causes  it  to  expand  and  fill  the  neck  so  as  to  render  it  bolU 
Iwater  and  air-tight.  It  m  the  elasticity  of  air  tliat  causes  india- 
Irubber  balls,  filled  with  air,  to  rebound  when  thrown  upon  hard  sub- 
fltanccB.     It  is  the  elasticity  of  steel    that    renders  it  of  use  in 


^isth^ 
^^expei 


Fig.& 
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springs  for  moving  machinery,  as  well  as  for  easing  the  motion  of 
carriages  over  rough  roads.  It  is  the  elasticity  of  cords  that  renders 
them  applicable  to  musical  instruments.  It  is  the  elasticity  of  air 
that  renders  it  a  fit  vehicle  for  transmitting  sound.  It  is  the  elas- 
ticity of  the  etherial  medium  pervading  space  that  renders  it 
capable  of  transmitting  light. 


y" 


II.  —  MECHANICAL      PRINCIPLEg 

Definition  of  Mechanios. 

14.  Mechanics  is  that  branch  of  Physics  which  treats 
of  the  laws  of  rest  and  motion.  It  also  treats  of  the  action 
offerees  upon  bodies. 

Rest  and  Motion. 

15.  A  body  is  at  rest  when  it  retdns  its  position  in 
space.  It  is  in  motion  when  it  continually  changes  its  po- 
sition in  space. 

A  body  is  at  rest  with  respect  to  surrounding  bodieSi 
when  it  retains  the  same  relative  position  with  respect  to 
them,  and  it  is  in  motion  witli  respect  to  surrounding  ob- 
jects when  it  continually  changes  its  relative  position  with 
respect  to  them.  These  states  of  rest  and  motion  arc  called 
Helative  Best  and  Melative  Motion^  to  distinguish  them 
from  Absolute  Mest  and  Absolute  Motion. 

When  a  hody  remains  fixed  on  the  deck  of  a  moving  vessel  or  boat, 
it  is  at  rest  with  respect  to  the  parts  of  the  vessel,  although  it  pai^ 
takes  with  them  in  the  common  motion  of  the  vessel.  When  a  man 
walks  about  the  deck  of  a  vessel,  he  is  in  motion  with  respect  to  the 
parts  of  the  vessel,  but  he  may  be  at  rest  with  resp^^^ct  to  objects  on 
shore ;  this  will  be  the  case  when  he  travels  as  fast  as  the  vessel 
sails,  but  in  an  opposite  direction.  In  consequence  of  the  earth's 
motion  around  its  axis  and  about  the  sun,  together  with  the  motion 


SMnged  instrumerUs.  TrawmUHon  qf  light.  (14.)  What  is  Mednniesr 
/'JS^J  WbeniaA  bodjr  at  rest?  When  In  moUont  £xp\aki  t«\iXii«  wAl  idHMtate 
^  Mad  motion.    lUuatraU  by  ewamplea. 
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'^Q  it  of  the  whole  solar  system  through  space,  it  is  not  likely  that  any 
^^c«J  part  of  oar  system  is  in  a  state  of  absolute  rest  for  any  appreciable 
^'  '*    length  of  time. 

ZMfibrent  kinds   of  Motion. 

16.    Motion  may  be  rectilinear  or  curvilinear ;   it  is 

rectilinear  when  the  path  of  the  moving  body  is  a  straight 

line,  and  it  is  curvilinear  when  this  path  is  a  cui-ved  line. 

The  motion  of  a  train  of  ears  along  a  straight  track  is  an 

example  of  rectilinear  motion ;  the  motion  of  the  same  train 

in  passing  romid  a  curve  is  an   example  of  curvilinear 

motioa 

Uniform  Motion— Velocity. 

17.  Unipokm  Motion  is  that  in  which  a  body  passes 
over  equal  spaces  in  equal  times.  Thus,  every  point  on  the 
surfiice  of  the  earth  is,  by  its  revolution,  carried  around  the 
axis  \7ith  a  uniform  motion. 

In  this  kind  of  motion  the  space  passed  over  in  one 
second  of  time  is  called  the  velocity.  Thus,  if  a  train  of 
cars  travel  uniformly  at  the  rate  of  20  miles  per  hour,  its 
velocity  k29.d  feet.  Instead  of  taking  a  second  as  the  unit 
of  tinic^  we  might  adopt  a  minute,  or  an  hour.  In  the  same 
caae  as  before  we  might  say,  that  the  velocity  of  the  train 
18  one  third  of  a  mile  per  minute,  or  twenty  miles  per  hour. 

Varied  Motion— Accelerated  and  Retarded  Motion. 

18.  Varied  Motion  is  that  in  which  a  body  passes 
over  unequal  spaces  in  equal  times.  If  the  spaces  passed 
over  in  equal  times  go  on  increasing,  the  motion  is  acceler- 
ated ;  such  is  the  motion  of  a  train  of  cars  when  starting, 
or  that  of  a  body  falling  towards  the  surface  of  the  earth. 
If  the  spaces  passed  over  go  on  decreasing,  the  motion  is 

(16.)  Wb»tlsEectlltoa«r3fotfoiif   Onrvilf near  Motion?    ExMnpVea, 
(IT)  WhMttBUaifonnMotioDt  Ex&mple,  What  Is  meant  by  yeAocVl^l  'E.xKm^V^ 
(IS.)  WtMtis  VM^edMotlonr    When  is  it  «H5elerated  and  wW^u  tlt^td  ^d^ 
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retarded  ;  such  is  the  motion  of  a  train  of  cars  when  comin^^ 
to  rest,  or  that  of  a  body  thrown  vertically  upwards. 

When  the  spaces  passed  over  in  equal  times  are  continm.^ 
ally  increased  or  decreased  by  the  same  quantity,  the  motioKZi. 
is  uniformly  accelerated^  or  uniformly  retarded.  The  mo- 
tion of  a  body  falling  in  a  vacuum,  is  uniformly  cccceler^ 
ated;  that  of  a  body  shot  vertically  upwards  in  a  vacuun:m^ 
is  uniformly  retarded. 

The  velocity  of  a  body  having  varied  motion  at  any  tim^^ 
is  the  rate  of  the  body's  motion  at  that  time.  In  varie  <3 
motion  the  velocity  is  continually  changing. 

Forces,  Powers,    and  Resistances. 

19.    If  a  body  is  at  rest,  any  cause  that    tends  to  set  ^^ 
in  motion,  is   called  a  Force  /  if  a  body  is  in  motion,  an       1 
cause  that  tends  to  make  it  move  faster,  or  slower,  or  t 
change  its  direction,  is  called  a  Force, 

A  Force,  then,  is  any  cause  that  tends  to  change  th-^^ 
state  of  a  body,  with  respect  to  rest  or  motion. 

The  attractions  and  repulsions  between  the  molecules  of  bodie^^ 
are  forces ;  the  muscular  efforts  of  men  or  animals,  employed  ii  ^■ 
accomplishing  any  kind  of  work,  are  forces;  the  elastic  efforts  o/^^ 
gases  and  vapors  are  forces. 

Forces  which   act  to  produce  motion  are  called  Powers  ^_ 
those  which  act   to  prevent  or  destroy  motion  are  calle£^ 
Meaiatances.     The  effort  of  steam  employed  in  moving  ^^ 
train  of  cars  is  a  power,  whilst  friction  and  the  inertia  of  the^^ 
air,  which  tend  to  retard  the  motion,  are  resistances.    Pow-^^* 
ers  tend  to  accelerate  motion,  and  are  for  that  reason  calle^^ 
Accelerating  Forces.     Resistances,  on  the  contrary,  tend  tcr:^ 
r3tard  motion,    and  are  for  that  reason  called  Betardin^^ 
Fbrces. 

ExBmples.    "Define  nnfformly  accelerated  and  \Kv\f«tm\Y  retarded  motion.    Ix—- 
•mplea.     (19.)  WbAt  is  a  Force?     ExampAea.     I>eftn^  "Pwwwa  «BftLlJ«S*»Mi*— ' 
Xxamplee,    By  whA  t  other  names  may  they  \)e  caWedl 
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DiBtinctivo  Oharaoterifltici  of  Foroe*. 

H*    In  order  that  the  effect  of  any  force  may  be  com-l 
pletely  andt^rfitood,  threo  things  must  be  kuovrix :  ita  poit^ 
'^/(fppiiaiiion,  it«  direction^  and  its  intmsity, 

'Rie  point  of  a}}jMciition  of  a  Jbrce  w  the  j>oint  whejo  U 
«mj*  its  action.  Thus,  in  Fig.  fi,  which  represents  a  chil4 
^ifavving  a  wagon,  the  force  exerted  by  the  ehild  hua  its 
point  of  applicatiou  at  A. 


The  direethn  of  a  force  is  the  line  along  which  it  acts;] 
jt-hus,  in  Fig.  6,  the  line  ^^  ia  the  direction  of  the  (ore 
Exerted  by  the  child. 

The  intenmiy  of  a  force  is  the  energy  with  which  it  acts  \ 
Ihns,  in  the  same  example  as  before,  the  intensity  of  the 
Iforce  exerted  is  the  energy  which  the  child  exerts  in  over- 
Icoming  the  resistance  of  the  wagon. 

The  intensity  of  a  force  is  measured  in  pounds;  thuB,  a 

iforce  of  fifty  ponn<ls  is  a  force  necessary  to  sustain  a  weight 

lof  fifty  pounds.     The  intensity  of  a  ff»rcc  may  be  represented 

tiy  a  distance  wliich  is  usually  hdd  off  on  the  line  of  direo- 


(1^0  \  What  tliree  el(^mcDta  Hotermioi'  at  force!    Define  the  point  of  ApitllGfttlon. 
|Th«;nii«  of  direction.    The  \nieapiij.    How  ta  the  lutcaaUy  m«aa^if«*it    E^>^  T«vc«r 
otedf    KxAtaplo. 
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tion  yf  the  farce.  Having  assumed  same  unit  of  lengtlia 
say  one  tenth  of  an  inch,  to  represent  one  ponnd,  tliis  is  set 
off  as  many  times  as  the  force  contahi^  pounds,  in  th(3 
example  taken,  if  we  sujtpose  the  force  exerted  to  be  severa 
pounds,  and  lay  off  from  A  to  O  seven  tenths  of  an  inch 
tien  \^ill -4  C^  represent  the  force  both  in  direction  and  i 
t  jnsity. 

Resultant  ani  Oompojseat  Forces. 

!tl.  When  a  body  is  solicited  by  a  single  force,  it  is  evi^ 
dent,  if  no  obstacle  intervene,  that  it  will  move  in  the  4lirec- 
tion  of  that  force  j  but  if  it  is  solicited  at  the  same  time  by 


ET^ 
ivP 


several  forces  acting  in  different  directions,  it  will  not,  in 
general,  move  in  the  direction  of  any  one  of  them.     F( 
example,  if  two  men  on  opposite  sides  of  a  river  tow  a  b 

I  by  means  of  a  rope,  m  rejiresented  in  Fi^.  7,  the  boat  w 
not  move  either  in  the  direction  AJJ^  or  A  <7,  but  it  will 
move  in  some  intermediate  direction,  as  AE;  that  is,  it  will 
advance  as  though  it  were  solicited  by  a  single  force  di- 
rected from  A  towards  JSl  This  single  force,  which  would 
produce  the  same  effect  as  the  two  separate  forces,  is  called 


(21*)  Wilftt  la  ft  EeaulUut  of  MVOTtl  torceftY 
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Fig.  a 


tkii'  Remdkmt     The  separate  forces  are  called  Comixh 
tmu  of  the  resultant. 

In  general  the  resultant  of  any  number  of  forces  is  a  miglQ 
force  whose  effect  is  equivaleot  to  that  of  the  *^'hole  group. 
The  intlividttal  forces  of  the  group  are  called  Components, 

PazallelogFun  of  Forces* 

**.    It  is  Bhown  in  Mechauica  (Peck's  Mecbanics,  Art. 

85),  that  if  ^J^  and  AD^  Fig,  8,  repi*eaent  two  forces  acting 

at  i,  their  resultant  will 

l>e  represented  by  AC. 

T^^t  is,  if  two  ffjrces 

^n  represented  in  direc- 

^Wrt  and  intensity  by  the 

^^jmnt  sides  of  a  par- 

^^offram^    t/ieir  restdt- 

^'^^  wiU  be  represented  in 

^ii'ection   and  intensity  by   that  diagonal  which  passes 

^mufjh  their  point  of  intersection, 

^f»U  principle  is 
^^Hihe  PftntMel^}- 
9fm  of  Forces, 

'^^iQ  operation  of 
^^^*ng  the  result- 
*^t  when  tbe  com- 
P^^ents  are  given 
^  called  Composi- 
^^^^  of  Forces  ;ih^ 

Verge  operation  is 
"^''ed     Eesolution 
%rces, 

^»  hen  two  forces 
^^  applied  at  the  ^^*^^^' 

^^  point,  as  shown  In  Fig,  9^  we  lay  off  dkUnce^  AB 


\ 


*«.«w;p».«te/    aMrte.    («a  )  EnuncUto  the  t>a™W«Vo«w«a«t 


^ 
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duid  Al^io  KpnMeac  the  torejiv  and  haviag  completed  the 
|HLr:iI!^'io*jnr^iixu  we  dnw  its  diiigoiuil  AC;  this  will  be  their 
rv«aU:iau  if  tk<e  nwahant  ^  C  is  known,  aod  the  directions 
ot  i»  cvKupoQtfn^  ;&ra  giTiKi»  we  draw  through  C  the  lines 
Cli  ;md  CB  i^anSStd  to  their  direciioiis ;  then  will  the  in- 
ti'iw^'ted  litit^  AD  and  .1^  be  components  of  the  forco 


I'/ 


PMctkftl 
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«;!•     A  blrvU  in  flyings  strikes  the  air  with  both  wings, 
aiui  cii^'  bttor  odTcr^  a  rvtsbtance  which  propels  him  forward 


Let  AIT  and  AIT,  in  Fig.  10,  represent  these  resistances. 
Draw  AB  and  AD  equal  to  each  other,  and  complete  the 
parallelogram  AC;  draw  also  the  diagonal  AC.  Then* 
will  A  C  represent  the  resultant  of  the  two  forces,  and  the 
bird  will  move  exactly  as  though  impelled  by  the  rangle 
force  CA. 


TCmltut  found  when  the  eomponeuts  are  known? 
mdr   (MO   SsvlAlntheSig^terftbird. 


How  are  the 
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Practloal  Cxample   of  Resolution  of  Forces. 


M.  When  a  sail-boat  is  propelled  by  a  breeze  acting  cm 
the  quarter  in  the  dircctioa  va  (Fig,  li),  we  may,  by  the 
nile  ill  Art*  22,  resolve  the  intensity  of  the  whid  into  two 
components,  one,  ca^  in  the  direction  of  the  keel,  and  the 


4 

I 


k 
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pther,  ba^  at  right  angles  to  it.  The  iirat  component  alone 
*a  effective  in  giving  a  forward  motion  to  llie  boat,  whilst 
the  second  is  partly  destroyed  by  the  resistiince  which  the 
Crater  offers  to  the  keel,  and  partly  employed  in  giving  a 
lateral  motion  to  the  boat.     This  lateral  motion  is  called 


r. 


Resultant  of  ParaVel  Forces. 


2*5.  When  two  forces  act  in  the  same  direction,  as  when 
two  horses  pull  at  the  ends  of  a  whifflc-tree  to  draw  a 
wagon,  their  resulfant  is  equal  to  the  sum  of  the  forces. 
"WTien  they  act  in  a  contrary  direction,  as  in  the  case  of  a 
Bteamboat  ascending  a  river,  wherfj  the  force  of  the  engine 
cts  to  propel  the  boat  forward,  whilst  the  current  acts  to 


n  £zplitla  tb«  BnlUn^  of «  l>nat.    (  %S,\  WtOtX  b  Ute  rtanltiunt  of  pdriHel  fore» 
^i&sjr  MCi  lo  ibD  8&mo  direction  t    Wben  they  net  In  c\ppQi&\t«  ^\i<&;u^tkki:^'^    ILx- 
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retard  its  progress,  thur  remUani  is  equal  to  t/ie  difference 
of  t/i€  /orees. 


] 


SC      When  seTeral  forces  acting  npon  a  body  exactly 
balance  each  other,  they  are  said  to  be  m  equiUMwn, 


I%.11L 


The  simplest  case  of  eqniKbriiim  is  that  of  two  equal 
forces  acting  against  each  other,  as  id  the  case  where  two 
men  of  equal  strength  poll  at  tlie  two  ends  of  a  rope,  as 
shown  in  Fig.  12. 

In  the  same  manner,  if  two  backets  of  eqoal  weight  are 
suspended  in  a  weU  from  the  ends  of  a  rope  passing  over  a 
pulley,  they  will  be  in  equilibrium. 

When  a  body  rests  npon  a  table,  there  is  an  equilibrium 
between  the  weight  of  the  body  which  urges  it  downwards, 
and  the  resistance  of  the  table  which  prevents  it  from  filing. 
If  the  weight  becomes  greater  than  the  resistance,  the  table 
breaks  and  the  body  feUs. 

Oentxilngal  and  OciitiJp«lsI  Fovoefl. 

27.  The  Centrxfitgal  Fobce  is  the  resistance  which 
a  body  offers  to  a  force  which  tends  to  deflect  it  from  its 
course. 

In  consequence  of  its  inertia,  a  body  always  tends  to 
move  in  a  straight  line,  and  if  we  see  it  move  in  a  curved 
line  it  is  because  some  force  is  acting  to  turn  it  from  its  path. 
Thb  deflecting  force  is  called  the  Cetitripetal  Force^  and 

(S6.)  When  are  foroes  in  eqaiKbriamr  innstnte  by  examples.  (ST.)  Wliatis 
fh*  OentriAical  Foroe?    Centripetal  Force  f 
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because  action  antl  reaction  are  always  equal,  the  eeniri* 
petal  and  centrifugal  forces  are  always  oppoaed  and  equal 
to  each  other.  If  a  ball  is  wiiirled  about  tlie  hand,  being  re- 
tained by  a  striug,  it  has  a  coniinual  tendency  to  fly  oflT, 
which  tendency  is  resisted  by  the  strength  of  the  string;  the 
tendency  to  fly  off  is  due  to  the  centrifugal  foree,  and  the 
force  which  resists  this  tendency  is  the  centripetal  fcrcse. 

The  curved   path  in  whiuh  a  body  moves   may  be  regarded   aa 
made  up  of  short  atraigirt  lines,  and  if  at  auy  uisiaut  ihe  ceatrip^tal 


H 


I  were  destroyed,  the  body  would  continue  to  move  along  that 
I  on  which  it  was  sitiiated  ,:  that  ia,  iia  new  path  would  be  tangent 
to  its  old  one. 

The  existence  of  the  centrifugal  force  may  he  shown  ex[ienment- 


fe. 


ExMopJA    jr&t&  dihsji  a  bodff  m&ft^  tottfn  %U  c«n«Kp««al  /ofC«  i*  d6Htf<ni«A^ 
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ally  by  the  apparatus  represented  in  Fig.  13.      It  consists  of  a  bar^ 
AB.  havini^  its  ends  bent  up  so  as  to  hold  a  wire  which  is  stretched 
between  them.     On  this  wire  two  ivory  balls  are  strung  so  as  ^ 
slide  along  it,  and  the  whole  bar  is  made  to  turn  about  an  axis  ^^ 
right  angles  to  it  by  means  of  a  crank  and  two,  bevelled  wheels- 
When  the  bar  is  made  to  revolve  about  the  axis,  the  balls,  ac*^'^ 
upon  by  the  centrifugal  force,  are  thrown  against  the  ends  of  <*** 
bar  with  an  energy  which  becomes  greater  as  the  motion  of  revolt 
tion  becomes  more  rapid. 

Some  EffBcts  of  the  Oentiifugal  Force. 

28.  When  a  train  of  cars  turns  round  a  curve  in  tt* 
road,  the  centrifugal  force  tends  to  throw  the  train  off  tt" 
track,  a  tendency  which  is  resisted  by  raising  the  outer  r^ 
and  by  makmg  the  wheels  conical 

It  is  in  consequence  of  the  centrifugal  force,  that  the  mxt* 
adhering  to  the  tiro  of  a  carriage-wheel  is  thrown  off  in  a 
directions. 

In  the  circus,  where  horses  are  made  to  travel  rapidl; 
around  in  a  curved  path,  the  centrifugal  force  tends  to  over 
turn  them  outwards,  which  tendency  is  partly  overcome  bj 
making  the  outside  of  the  track  higher  than  the  inside,  anc 
partly  by  both  horse  and  rider  inclining  inwards,  so  as  tc 
make  the  resultant  of  their  weight  and  the  centrifugal  force 
perpendicular  to  the  path. 

When  a  sponge  filled  with  water  and  held  by  a  string  is 
whirled  rapidly  around,  the  centrifugal  force  throws  off  the 
water  and  leaves  the  sponge  dry.  This  principle  has  been 
used  for  drying  clothes  in  the  laundry. 

A  very  remarkable  effect  of  the  centiifugal  force  is  the 
flattening  of  our  earth  at  the  poles.  The  earth  turns  on  its 
axis  every  twenty-four  hours,  which  rotation  gives  rise  to  a 
centrifugal  force  at  every  point   of  its   surfiice.    At  the 


Moplain  ths  wperimmU.    ( 38  )  Oive  examples  of  the  aetion  of  the  eentrlAigB] 
Cars  on  a  curve.    Mad  from  wheel    Circna.    SpoDge.    Effect  on  the  form  of 
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equator  the  centrifugal  force  ia  greatest^  because  the  vi^  I 
iDCitjr  is  there  the  greatest,  ajul  from  the  equator  it  grown] 
feebler  I o wards  each  pole,  where  it  is  zero.     Tlje  ceritrifugnl] 
foroe at  every  point  is  perpendicular  to  Xho  axis,  and  may  \m$\ 
resolved  into  two  components,  one  directed  outwards  fromj 
the  centre,  and  the  other  perpendicular  to  this-     The  former 
Qornpouent  I  Lessen*  the  weight  of  bodies,  and  the  latter  aA-ts       . 
^  •  heap  tlie  particles  np  towai-de  the  equator.     It  has  lK?en  ^M 
^Jimd  that  the  earth  is  a  spheroid,  flattened  at  the  poles.  ^^ 
The  polar  diameter  is  about  twenty-six  miles  shorter  than 
^lie  equatorial  diameter.     Observations  upon  the  heavenly 
*>odies  show  that  other  plan.^ts  are  in  like  manner  flattened 
^t  their  poles. 

The  manner  in  which  the  centrifugal  force  acU  to  flatten  a  spherv«, 

«ihown  experimentally  by  an  ApparalUB, 
*:;prescnteii  in  Fiaj.  14,  This  apparaiuB 
<C3Dsi8ts  of  a  vertical  rod  to  which  a  mo- 
eioh  of  rota^lion  may  be  impiirtcd,  aa 
^hown  in  Fig.  13.  Al  the  lawcr  part  of 
this  rod  four  strips  of  brasK  are  firmly 
fasteoed  and  bent  into  circles,  as  fIiowu 
V  the  dotted  lines;  their  upper  ends 
fire  fastened  to  a  ring  which  is  free 
to  slide  up  and  down  the  rod  When 
the  axis  ie  made  to  revolve  rapidly,  the 
eentrifugal  force  causes  the  ring  to  slide 
dawn  ibe  rod,  the  hoop53  become  more 
curved,  as  shown  in  the  ficure,  and  (he 
^hole  assumes  tho  appearance  of  a  flat- 
^aed  sphere. 

Machin^B. 

A  Machike  is  any  contrivance  by  means  of  which 
»  force  acting  at  one  point  is  made  to  produce  an  effect  at 
some  other  point 


cur 

I 

L 


street  OD  the  weight    Expta^  £A«  eaq^eriment,    (29.)  What  li  a  Mftchla<i  f 
2* 


According  to  this  definition  every  tool  used  in  the  arts  is  a  machi 
in  common  language,  liowever,  tlie  terra  is  only  applied  to  more 
complex  combinations*  In  tliis  sense,  a  macUine  consists  of  a  col- 
lection of  moving  pieces  called  elements,  kept  in  i>oBition  by  n  frame. 
The  piece  to  wblcb  the  motiye  power  is  applied  is  called  the  recipi- 
tnt,  the  piece  that  performs  the  work  is  called  the  too/,  and  Ihese^ 
wiib  llieir  connecting  pieces,  make  up  a  train  of  jnee/ianism.  The 
elements  of  a  train  are  called  Eletntntary  Machines,  or  mechanici^ 
fknoers^  and  are  seven  in  nmnber  (Art  449). 

Of  these  the  lever  is  most  important  to  tlm  student  of  Physi 
The  others  are  folly  diacussed  in  Chapter  XL 


1 


The  Lerer. 

80.    A  Lever  is  an  inflexible  bar  free  to  turn  abou 
fixed  point,  eulled  tlie  Kulcnim^  and  acted  upon  by  two 
forces  which  tend  to  turn  it  in  opposite  direetions, 
force  which  acts  as  a  motor,  18  called  the  Fower^  the  otl 
one  is  called  the  Resistance, 

Levei-a  are  of  three  classes,  according  to  the  position 
the  fulcrum  with  respect  to  the  power  and  resistanue. 


I        Ttever  of  the  Jirst  class, — In  thia  class  the  liilcniTn  ig  " 
tween  the  power  and  the  resistance.     Sneh  a  lever  is  repre- 
seTited  in  Fig.  15.     Tlie  hand  is  the  pnw4-r,  die  weight  P  jj 
the  resistance,  and  the  fixed  point  C  is  the  ftilcnim, 

Wtont  li  a  tr&\n  of  mecbatil«B !    What  if.  the  rcdpknt  t    Tool  f    (80.) 
m  kver  I    How  mBiny  cUseep  ara  there  T    BjEamplea  uf  eacb. 


Fig  15, 


l-^wo/^Ae  third  class,— In  this  ela?s  the  fiikrura  h  btv 
'itl  both  the  power  ancT  the  resistance,  and  nearja^t  the^ 

P'ff^  as  shown  in  Fig.  1 7.  'm 

I  ID  every  class  of  lever,  the  distances  from  the  fulcrum,  to 
'  ptjwer  and  resistance,  are  called  Zever  Arms.    In  each 

'the  figures  in  this  article,  C3  is  the  lever  ami  of  the 
^'tJr,  and  CA  the  lever  arm  of  the  resistance. 


Conditions  of  Squililbaiiiin  of  the  Xiever. 

It  is  demoMjctrjitcil  in  Mte1>:iincs  (Art.  78),  thnt  the 
^%t  <»f  a  tbrre  [H'odiiei'd  by  thr  idd  of  a  lever  iiR-riascB  as 
^*«  lever  ann  increases,  so  that,  if  tht^  Icvrr  nrm  he  (hnibled 
^^  trffiled,  the  effect  of  the  force  is  alivays  doubled  cji  lv\\Av.^^, 


t: 


fi^r0rArmsr   (Si,)  Whaih  th«  rdntloti  Tietw^cn  \lie  ^^^  1 


„£ 


36 


POPUULB    PHYSICS. 


Hence  it  was  that  Archimedes  was  able  to  say,  that  hi 
could  lift  the  world  it*  he  had  a  place  on  which  to  rest  hu 
lever. 


Since  the  effect  of  a  force  increases  with  its  arm  of  lever 
it  is  necessary,  in  order  that  the  power  and  resistance  may  he 
in  equilibriiun,  that  they  should  be  to  each  other  inversely  as 
thi»ir  kwer  arms.  That  is,  if  the  power  is  three  times  the 
resistance,  the  lever  arm  of  the  former  should  only  be  one 
third  as  long  as  that  of  the  latter,  and  so  on.  If  the  power 
^R  equal  to  the  resistance,  they  will  be  in  equilibrium  wh^ 
meir  luvcA:.arjna  ar.g,  <?qna1.     ■*     n-^---^ —  '      ^ 

From  what  has  been  said,  it  followsy  that  the  power  is  alwayi 
greater  than  the  resistance  in  the  third  class  of  levers,  and  loss  thta 
it,  in  the  second  class.  In  the  first  class  the  power  may  bdeithtf 
greater  or  less  than  the  resistance.     We  say  in  common  lan^nafi. 


Between  the  power  ftftd  yelocltyt 


r 
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th&i  there  is  a  Icms  of  power  in  UBiag  a  lever  of  lUe  tliird  oImr*  inii 
tigainof  power  in  using  one  of  the  second  cloiis. 

lu  performing  any  work  with  a  Jcver,  the  patlm  parsed  orcr  by  tha 
points  of  application  of  the  power  and  rcMi^tanco  me  proporiiotiat  Uvl 
tLieir  lever  arms ;  tlial  i^,  the  longer  the  lever  arm  the  greau*r  Uid  | 
paih  passed  over,  and  ihc  greater  its  velocity,  Thi»  is  exprepsed  hyi 
i^viiic,  that  what  is  gained  in  power  it  lost  in  vtiacity.  U  is  for  ihifl 
reafson  that  we  say  there  is  no  real  gain  of  power  in  the  employ* 
ment  of  a  lever. 

examples  of  Lexers. 

32,     Levers  are  of  continual  nse  in  the  arte,  fomiing 
component  parts  of  nearly  every  mauhiiiu. 


Fig.  18. 

A  pair  of  scissors  affords  an  example  of  the  first  class  of 
levers.      The  fulcrum   is  at  C,  Fig.  18,  the  hantl  fiirnishe»| 
the  power,  and  the  substance  to  be  cut  the  resistance. 

The  common  balance^  yet  to  bj  described^  k  a  lever  of  this  class 
OS  is  also  the  handle  of  a  pump. 

The  ordinary  nut-cracker  13  an  example  of  levers  of  the 


T\w,  19. 

second  class.    The  fulcrum  is  at  C,  Fig,  19;  the  power 
the  hand,  and  the  resistance  is  the  nut  to  he  cracked. 


It  «*«r#  any  cr<ii»  (*/  pmc^r  in  itsinff  a  httr  f     (  a^  )  ApitUeatioiu.    Eitpliaa 
Di«  BCtJwon.    Tl]«  nut-crnckar. 


A 


I 


The  oarH  of  a  bout  are  levers  of  the  second  class.     The  end  of  the 

our  iu  the  water  is  the  faleram^  the  haud  ie  the  power,  and  the  bo&t, ; 

or  rather  the  reaiRtance  of  the  wattir  which  it  hau  to  overcome,  Ie  the 

resifitancf^-      The  shears  employed  for  cutting  metald  bcloog  U>  this 

clttfts  of  levers.  J 

The  trL^iulle  of  a  flax-spinner,  or  of  a  lathe,  is  an  example 
of  a  lever  of  the  tliir*!  kind.  The  fulcnmi  k  at  C,  Fig.  20, 
the  foot  is  the  ]Jower,  and  the  work  to  be  done  is  the 
resistaLce, 


The  bones  of  the  animal  frame  arc  many  of  them  levers  of  thiir' 
class.     Thus,  in  the  bone  of  the  forearm  in  man,  the  elhow  joint  is 
the  fulcrum,  the  muse  I  o  attached  jiist  below  the  joint  is  the  power, 
and  a  weight  to  he  raided  is  the  resistance. 


33. 


Other  MacMnea. 
BesidoB  the  lever  thrre  are 


twopther  simple  ma- 


cbines,  the  cord  and  the  hid  hied  plane.    The  farmer 


^^/y  t^/r  IjtMif,    Trench  ota>  i^plDiier,    Smt  cfih^  /wrecirm.    \^%  >  '^XaV  w% 
^titeraimph  machines  f 


\ 
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I  to  description,  and  the  latter  wHl  be  expl;iiiuHl  furthctr 
on,  From  the^ie  machines,  as  elements,  are  formed  by  com- 
limadon,  the  puUet/y  the  wheel  and  owefe,  tike  aertw^  and  tf^ 
»fpt/i/e.  These  seveu  make  up  what  are  commonly  culled 
tb  Mtahanical  Power$^  and  from  them  may  be  ooiir 
ftmcii'*!  every  ma^rhine,  however  complicated.  For  a  morr 
^lebiled  account  of  the  general  principles  of  Mechanism  aad 
Jladtinefl,  the  reader  is  referred  to  Chapter  XI, 


^^--pWlfCIPLKS    1>KP 


l>KP«!rDENT    ON    THE    ATTRJLCTION     OF    ORATITATIOX. 


i ._ .... 


Univenal  GravitatioD. 


8l»  The  earth  exerts  a  force  of  attraction  upon  all 
"oilk^  iiear  it,  tending  to  draw  tlicm  towards  its  centre. 
^iH  force,  called  the  l*^yrce  of  Grraviti/,  when  unresisted 
[>a]ls  motion,  and  the  body  is  said  to  fall ;  when  resisted 
[Svci  ngc  to  in*ussure,  which  is  c.illpd  Wehfht, 
'i:\rroN  showcil  that  the  force  of  gravity,  as  exhibited 
he  oarllrs  surface,  is  only  a  jjarlicular  case  of  a  general 
faction  extending  throughout  tlic  Univej-sc,  and  contin- 
'^y  tending  tu  draw  bodies  together.  This  general  at- 
•j^tioa  he  called  Universal  Gratj&lation,  It  is  mutually 
■ted  between  any  two  bodies  i\IiateYer,  and  it  is  by 
"Rtic  of  it  that  the  heavenly  bodies  are  retained  in  their 
''hits. 

Blc-  iaw  of  universal  gravitation  may  be  easily  explaiiictl.  If  we 
S  tlie  mutual  atlraciioii  of  iwo  nm\H  of  ninsp,  tit  a  iitiif^s  tl»stubce 
*m  each  other,  as  I,  tUeu  will  their  iniunal  aitracrion  at  auy  utLer 
staaoe  be  equal  io  ]  dtvulcd  bv  tiie  fqimio  ol'  tliai  distaaec :  thus, 
^  distance  is  2.  their  attraction  wjU   bt^  \  of  wlial  it  wa»  at  tbo 

wkdt  ma<!htQ<^«  arc  forwi'sfl  hy  flrtiiWaatlrtn^  of  siiiii>1(!  mricbinos?  Name  the  sevf  n 
>9bAnica1  powers.  (  31)  Whit  h  tho  Forco  of  OrivUy  f  What  I*  Its  effect  wheii 
IT  When  r^+lstell'  Wkjt  n  OnUcraal  Gravitation?  Explain  tfi^  law 
vnol  Gravitation. 
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distance  1 ;  if  their  distance  is  3,  their  attraction  will  be  ^  of  what 
it  was  at  the  distance  1,  and  so  on.  If  one  of  the  masses  contains 
m  units  of  mass,  and  the  other  one  unit,  the  force  will  be  m  times  as 
great  as  though  they  were  both  units  of  mass ;  that  b,  the  attraction 
will  be  equal  to  m,  divided  by  the  square  of  the  distance  between 
the  bodies.  If  the  second  body  contain .n  units  of  mass,  the  attraction 
will  be  n  times  as  great  as  before ;  that  is,  it  will  be  mn,  divided  by 
%  le  square  of  the  distance  between  the  bodies. 

This  law,  discovered  by  Newton,  may  be  expressed  as 
follows :  Any  two  bodies  exert  upon  each  other  a  mutual 
attraction^  which  varies  directly  OrS  the  product  of  their 
masseSy  and  inversely  as  t/ie  square  of  their  distance  apart. 

BSsot  o£  Oxavitation  on  the  Planets. 

85.  It  is  by  the  influence  of  gravitation  that  the  planets 
are  retained  in  their  orbits.  Their  motion  is  the  same  as 
though  they  had  been  projected  into  space  with  an  impulse, 
and  then  continually  drawn  from  the  right  lines  along  which 
inertia  tends  to  cany  them,  by  the  attraction  of  the  sun. 
The  planets  also  attract  the  sun,  but  their  masses  being  ex- 
ceedingly small  in  comparison  with  that  of  the  sun,  their 
effects  in  disturbing  its  position  are  exceedingly  small.  The 
orbits  of  the  planets  are  ellipses  differing  but  little  fioin 
circles. 

Force  of  Qxavity. 

36.  The  Force  of  Gravity  is  that  force  of  attraction 
which  the  earth  exerts  upon  all  bodies,  tending  to  draw 
them  towards  its  centre. 

As  has  been  stated,  it  is  only  a  particular  case  of  Uni- 
versal Gravitation.  It  is,  therefore,  subject  to  the  same 
law,  that  is,  it  varies  directly  as  the  mass  of  the  body  acted 

JSnaDciate Nswrox's law.  (  35.)  What  is  the  effect  of  gravitation  on  the  planets? 
What  are  the  orbits  of  planets?    (36.)  ^\iat  \al\ie'Box<»aC<iTftvlty?    Howdoea 

itVMijf 
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upon,  and  inversely  m  the  square  of  its  distance  from  tbe 
a-ntre  of  the  earth* 

The  Eb&pe  of  the  earth  has  been  shown  by  careful  meaaurement 
to  be  that  of  a  spheroid  ;  that  is,  of  a  Bphere  blight  ly  flattened  ai  Ibe 
rolci.  The  mean  radius  is  a  little  less  than  4000  miles.  On  ac- 
connl  of  tbe  flattening  of  the  earth  at  the  poles,  different  points  are 
atilightly  different  distances  from  the  centre,  and  consequently  the 
i'oroe  of  gravity'  varies  slightly  at  different  places  on  the  surface, 
For-OTdinary  purposes,  however,  we  may  regard  the  earth  as  a  per- 
ere,  and  the  force  of  gravity  as  constant  all  over  its  surface. 


0 


Vertical  and  Horizontal  lines. 


37,  A  Tektical  Link  is  a  line  along  ^\hich  a  body 
falls  freely.  All  vertical  lines  are  directed  towards  the 
centre  ot  the  eaith^  but  tor  places  near  together  they  miij 
be  regarded  as  paraUeL 

In  Fig.  iJl,  the  lines  ao  and  bo  are  verticals^  but  if  they  are  not 
f&r  apart,  their  convergence  is  so  email  that  they  may  be  taken  a^ 


allch     If>  however^  their  distance  apart  is  considerable^  they  can 
not  be  regarded  as  parallel.     A  man  standing  erect  has  bis  body  in 


What  i*  iks  tkape  i^$h»  sarihf   (37.)   WTiat  Is  n  Y csTticaV  lAael    'V\»«w^« 
vcrtfealameetf  ITAeo  mv  ^e/ be  ooiuldijred  paralklt    WTiwinot  p4»ea»i*1    1V-- 
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a  vertical,  and  it  may  happen  that  two  persons  on  opposite  sides  of 
the  globe,  as  at  J?  and  E\  may  both  stand  erect,  and  yet  their  beads 
be  turned  in  exactly  opposite  directions,  their  feet  being  turned 
towards  each  other.  Poiurn  where  this  may  happen  are  said  to  be 
antipodes. 

A  Horizontal  Line,  or  Plane,  at  any  place  is  one 
which  is  perpendicular  to  a  vertical  line  at  that  place. 
The  surface  of  still  water  is  horizontal,  or  leveL  For  small 
areas  this  sur£ice  may  be  regarded  as  a  plane,  but  when  a 
large  surface  is  considered,  as  the  ocean,  it  must  bo  con- 
sidered as  cui-ved,  conforming  to  the  general  outline  of  the 
earth's  surface. 

Upon  the  principle  of  verticals  and  hoiizontals,  all  of  our 
instruments  for  levelling  and  making  astronomical  observa- 
tions are  constructed. 

The  Plmnb-IiiiM. 

3§.  A  Plumb-Line,  is  a  line  having  a  heavy  body, 
usually  of  lead,  suspended  at  one  of  its  ends.  When  the 
other  end  is  held  in  the  hand,  the  lead,  tending  towards  the 
centre  of  the  earth,  stretches  the  string  in  the  direction  of 
the  force  of  gravity. 

It  is  used  for  indicating  a  vertical  line.  In  Engineering  and 
Architecture  it  is  of  continual  use.  For  determining  whether  a  wall 
is  vertical,  it^  is  Rccompanied  hy  a  square  plate,  whose  length  is 
just  equal  to  the  diameter  of  the  cylindrical  leaden  weight,  and 
which  has  a  hole  at  its  middle  point,  just  large  enough  to  admit 
the  passage  of  the  string.  The  edge  of  the  plate  is  applied  to  the 
masonry,  as  shown  in  Fig.  22,  and  if  the  plumb-bob  just  touches  the 
wall,  it  must  be  vertical. 

Weight. 

89*    The  Weight  of  a  body  is  the  pressure  which  it 

What  ar€  anUpodeat  What  Is  a  Horizontal  Line,  or  Plane  ?  Level?  Appllca- 
tiona  to  iDstramenta.  (88)  What  la  a  Plomb-Line?  Describe  it  and  its  xue, 
(89.)  What  is  Weight? 
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f^^ffrtj  upon  any  body  that  prevents  it  fiom  falliiig  towards 

I  the  earth. 


A-_-. 


r\ 


The  Weight  of  a  body  h  dye  to  the  force  of  graiitVy  acting  upon 

^''of  iUi  panicles,  but:  jt  must  not  be  confounded  with  the  force  of 

rtvity.     Weight  is  only  the  efTcct  of  grHvity  when  resisted  ;  when 

^vity  18  unresisted  it  produces  quite  another  effect,  that  h^  motion. 

At  the  same  plnce  the  weights  of  bodies  are  proportional  to  their 

^mea,  or  the  quantities  of  matter  which   they  contain       We  shall 

*ee  liereafter  thai  the  weiahL  of  bodies  niay  be  determined  by  me  ana 

^^  i^\€i  balance  :  the  force  of  gravily  is  determined   by  (he  velocity 

^hjch  it  can  impart  to  a  body  in  a  certain  time,  as  will  be  shown 

ffJore  fully  hereafter. 


Oemtre  of  Gravityp 


^Mll,    The  Ckntke  of  Gravitv"  of  a  body  is  that  jioii  b 
^fcough  which  the  dirtH^tion  of  its  wt4ght  always  yvasises. 
~We  have  seen  that  the  weight  of  a  hody  is  the  resultant 
of  the  action  of  gravity  upon  all  of  its  particles     It  18  sliown 


/*  wM^M  ths  mm*  tu  graHty  T    Mow  U  wHffM  dfUrmiiud  f 
measured  t    (  4a.)  What  U  the  Centre  of  GraTity  ? 


?  U  Qfa^Uff 


M 


POPTTLAE  PHTSICa. 


Ill  Mechanics,  that  whatever  nmy  be  the  form  of  a  body,  or 
whatever  may  be  ita  position,  the  direction  of  its  weight 
always  passes  through  a  single  point.     This  point  is  the  i 
centre  of  gravity,  ,  ^H 

The  determination  of  the  centre  of  griiYity  in  the  general  cffl^ 
req^uires  tfae  aid  of  mathematics;  but  in  nijiny  cases  its  position  is 
evident.      Vn  a  uniform  Btraiglit  bar,  it  is  at  the  middle  r^int.    In  i 
itquare,  or  a  rectangular,  or  a  circular,  or  an  elliptical  disk  U  is  attba 
centre^  or  middle  point, 

Bqnilitpiiiim  of  heavy  Bodiefl.  ^B 

41,  The  centre  of  gravity  being  the  point  at  which  the 
weis^hl  is  a]tplieLl,  it  follows  that,  if  this  point  is  held  last  hy 
any  support  whatever,  the  effect  of  the  weight  is  completely 
counteracted,  and  the  body  will  be  in  a  state  of  equilibrium. 

If  a  body  has  but  a 
single  point  of  support, 
it  can  be  in  equilibrium 
only  when  its  centre  of 
gravity  lies  somewhere 
on  a  vertical  through  that 
point.  An  example  is 
shown  in  Fig,  23,  which 
represents  a  boy  balanc- 
ing a  cane  upon  hia  finger. 
In  the  figure,  g  is  the 
centre  of  gravity,  and 
that  point  must  be  kept 
exactly  over  the  point  of 
BU]>p'  T  .  This  is  T.  case 
of  unstahh  equilihrium. 

If  a  body  has  but  two 
points  of  support,  it  can 


CirchT    EUipiet    (41.)  When  la  «  bnd3Mii  pqtiilSbrliJiii  ?     Wltun  a  body  restn  an 
«  point,  where  must  tbt*  centre  of  gravity  be !    Example. 
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k>  in  equilibrium  only  when  its  centre  of  gravity  lies  in  a 

vertical  drawn  through  some  point  of  the  line  johiiiig  these 
ism  pointfr*.  An  example  is  shown  io  Fig,  24,  which  repre 
lent*  a  man  standing"  on  stilts.  To  be  in  equilibnmn^  hit 
centre  of  gravity  must  be  exactly  over  the  line  joining  the 
te  of  his  stilts.  This  is  also  a  ca^  of  unstable  equi 
Ubrium* 


i 


./- 


Fig.  U. 


€ 


The  art  of  balaricia?,  in  which  circuB-riders  and  rope-dftncera  arc 
80  expert,  cousistB  la  skillfully  keeptug  the  centre  of  gravity  Bup* 
rted. 


If  a  body  has  three  suppotis  not  in  a  straight  line,  it  will 
be  in  eqaiiibrium  when  the  centre  of  gra\gty  lies  on  a  ver- 
^^icul  drawn  throngh  any  point  of  the  triangle  formed  by 
H^oining  these  points.  An  example  is  shown  in  Fig.  25, 
which  represents  a  three-legged  table.  The  centre  ot 
gravity  being  at  g^  the  table  will  be  in  equiUbrium  so  long 
as  the  vertical  throngh  that  point  jiierces  the  triangle 
formed  by  uniting  the  feet  of  the  table. 


H       WIm; 


WImh  U  ratts  oo  two  iralnts  r    Ejcample.    Wben  on  tbrw  poiata !    EzAOiplo 
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If  a  bo<ly  has  four  or  more  supports,  the  condition  ot 
equilibrium  will  be  analogous  to  that  just  explained  In 
this  case,  if  the  outer  points  of  support  be  joined  by  Ibes, 
they  will  form  a  polygon,  eiiUi^d  the  Polygon  of  Support^ 
and  the  body  will  be  in  equilibrium  when  its  centre  of 
gravity  is  on  a  vertical  drawn  through  any  point  of  tb« 
polygon, 

BiSeireiit  Muds   of  BquiliMiim. 

4S«  When  bodies  are  acted  upon  only  by  the  force  of 
gravity,  and  have  one  or  more  points  of  support,  three  kinds 
of  equilibrium  may  exist:  Stable^  Unstable^  and  Neutrd 
Mquillbrhmi. 

1.  Stabie  EquiUhnum. — A  body  is  in  stable  equilibfmnX 
when,  on  being  slightly  disturbed  from  its  state  of  rest,  il| 
tends  of  itself  to  return  to  that  state. 


Fig.  86i 

This  will  be  the  c^se  when  the  centre  of  gravity  is  lower 
in  its  position  of  rest  than  it  is  in  any  of  the  neighboring 
positions,  for  in  tins  case  the  weight  of  the  body  acting 


Wlien  ow  foaf  or  tudtie  poiiitaf    Wbat  la  the  roly^on  rtf  Support?    (  4^*)  Wlkit 
«r«  the  thrcA  caws  of  oqaillbrlaiu !    W  b^t  te  EivMa  Eqallibrf  am  ?    lUuitratob 
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seentre  of  gravity  tends  to  keep  it  in  tlie  lowest  position^ 

If  slightly  disturbed  from  the  lowest  position,  tlie  weight 
will  act  to  draw  it  back,  and  so  establish  the  equillbriuiii. 

We  have  an  example  of  stable  equilibrium  represented  in  Fian.  26 
mtl  27.  which  repreeent  images  oltcn  met  with  in  ilic  toy  «hopiv 
l^liie  image  be  inclined  to  one  side,  as  sUowti  in  Fig.  27^  il  will  by 
«* own  weight  right  itself,  and  take  the  position  shown  in  Fig,  26 
Thene  figores  are  hollow  and  iight,  and  are  ballasted  with  lead  it 
llieir  lower  part  so  aa  to  throw  the  centre  ot*  gravity  very  low.  The 
f**iJll  iSj  that  when  the  figure  jr  inclined^  the  centre  of  gravily  i» 
lotted,  and  the  weight  acta  to  restore  it.  The  figure  settle*  in  its  prim- 
itite  state  of  rest  only  after  tjevenil  oscillations,  which  are  due  to  the 
*ertia  of  the  body.  The  explanation  of  this  osciilation  is  the  same 
*  ^t  given  for  the  OBcillatlon  of  the  pendulum. 

2.  Unstable  Equilthrhim. — A  body  is  in  nnstaM^  eqni- 
^tbrinffK  when,  on  being  slightly  disturbed  frotn  its  state  of 
^Ht,  it  does  not  tend  to  return  to  that  state,  but  continues 
to  depart  from  it  more  and  more. 

Thig  will  be  the  case  when  the  centre  of  gravity  is  higher 
^  its  position  of  rest  than  in  any  of  the  neighboring  jiosi- 
hons.  When  the  body  is  Rightly  disturbed,  the  weight 
*WM8  not  only  to  prevent  its  return,  but  also  to  cause  it  to 
descend  still  lower. 

We  have  examples  of  unstable  equilibrium  shown  in  Figs.  23 
and  24,  In  Fig  23,  the  cane  may  overturn  in  any  direciioUj  whilst 
i«  Fig,  24^  the  man  will  overturn  about  the  line  joining  the  bottom 
'fliiBfitiUs, 

3.  Neutral  Egitilihrium,  —  A  body  is  in  neidral  eqm- 
"'MV/w,  when,  on  being  slightly  disturbed,  it  has  no  tinid- 
^lej  either  to  return  to  its  primitive  state,  or  to  depurt 
ftfther  from  it. 

Tliia  will  be  the  i  ase  when  the  centre  of  gravity  is  at  the 


^KimpU     What  is   Unstable  EqiilHbrlurot     Illuatrate.     Examples.    Wh&t    l« 
^entnl  E^iUbriuin  f    Iliiutrate. 


stability  of  Bodies. 

43.  From  what  has  been  snid  in  the  preceding  artus 
it  followH  that  bodies  will  in  general  be  most  stable  wl 
their  bases  are  largest.  For  in  finch  cases,  even  after  a  c 
sidemble  inclination,  the  line  of  direction  of  the  weight ' 


GRAVITATiaN. 


4» 


pass  witbin  the  onginal  polygon  of  support,  and  the  wdght 
vill  act  to  return  tlie  budy  to  its  original  state  of  i-ost. 
Hence  it  is  that   ue  iind  cbari*s,   lumps,  candlesticks,  and 
mmj  other  familiar  utensils  constructed  with  broad  baj»e%l 
to  render  theiu  more  stable* 

Tbe  kaniug  tower  of  Pif.a  ia  so  much  iiiclined  that  it  appears 
i\m\  to  fall  J   yet  it  Btands,  because  the  vertical  through  the  centre 
at  t'nvity  pos&ea  witkin  tlie  base  of  the  tower.     Fig,  2S  reprewnta  ^ 
I  lo^er  at  Bologna,  which  i^  evea  more  iDcliaecI  than  that  at  Pisa. 
Tliui tower  Mas  built  in  the  year  J 11 2,  and  received  its  inclination 
iromuuequal  settling  of  the  ground  on  which  it  wa«  built,     [tdoea. 
noLlall,  because  the  vertical  through  the  centre  of  gravity,  <?,  pas&ett^ 
vilhm  ita  base, 

lu  llic  caaes  consideredj  the  position  of  iLe  centre  of  gravity  re- 
m&tna  tlia  same  for  the  same  body.  Wilh  men  and  animals  the 
pcsitiou  of  the  centre  of  gravity  changes  with  every  change  of  atli- 
ludc,  which  requires  a  proper  adjustment  of  the  feet,  to  maintain  m. 
Nitioa  of  stability. 


Fl^  ^. 


Fig.  80, 


When  a  man  carrier  a  burden,  as  «linwn  in  ¥\g.  29,  he  leans  for- 
wardj  that  the  direction  of  hii$  own  weight  with   that  of  his  burden 


Ma  afal&fiff  oftks  tm^rn  of  Piaa  and  fiologna.    Uovo  do  fn^u  cwA 
gmimefB  maiaiai»  0  tialis  poHHon  f    UluntraU. 
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wmj  pus  betweeti  liis  ieel.  When  a  niui  earnes  &  weight  in  one 
h&od.  at  shown  m  Fig.  30,  h«  throws  his  hcxl>-  toward  the  opposite 
side  for  the  saine  reason. 

In  the  art  or  rope-daDciogf  the  great  di^^ulty  consists  in  keeping 
the  centre  of  gravity  exactly  over  the  rope.  To  attain  this  re*oU 
the  more  eajiily,  a  rope-dancer  carries  a  lonf  pole^  called  a  halancins 
pole,  and  when  he  feels  himself  inclining  towiTrds  one  side,  be  ad- 
Tances  his  pole  towards  the  other  side,  so  as  to  bring  the  oommos 
Mntra  of  gravity  over  the  rope,  thus  preserving  his  equilibrium 
The  rope-dancer  is  in  a  oontinoal  state  of  onstable  eqailibniim. 

The  Balanoo. 

44«    A  Balance  is  a  macliine  for  weighing  bodies. 

Balanees  are  of  continual  ujie  in  eomnierce  and  the  arts, 
m  the  lalDoratory,  and  in  phyeical  researches;  they  are  eoti- 
seqnently  extremely  various  in  tlieir  forms  and  modes  of 
construction.  We  shall  only  describe  that  form  wlticb  is  in 
most  common  \me  in  the  shops. 

It  consists  of  a  metallic  bar,  AH  (Fig.  31),  called  the 
Kearny  which  is  simply  a  lever  of  the  first  order.  At  itfi 
middle  point  h  a  knife-edged  axis,  n,  called  the  FhUiTKin, 
The  fnlenim  projecta  from  the  ^ides  of  the  beam,  and  restd 
on  two  supports  at  the  top  of  a  firm  and  inflexible  standard. 
The  knife-edged  axis,  and  the  supports  on  which  it  rests,  are 
both  of  hardened  steel,  and  nicely  polished,  in  order  to  make 
the  friction  as  small  as  possilile.  At  the  extremities  of  the 
beam  are  suspended  two  phites  or  basins,  called  ScaU  Pans^ 
in  one  of  wbii4i  is  placed  the  body  to  be  weighed,  and  in 
the  other  the  iveights  of  iron  or  brass  to  counterpoise  it 
Finally,  a  needle  projecting  from  the  beam,  and  playing  in 
front  of  a  gradtmted  scale,  a,  serves  to  show  when  the  beam 
it  t^xaetly  horizontal. 


JB»pUikk  l%#  prindph  0/ rvpt^ancing.    (44.)  What  la  a  bnlaoce  !    EiqilatB  tiis 
dftflll*  qC  th«  ooinmim  Bidiuic«.    The  B«ain.    The  Ftilcrtitn.    The  S<MLte  Puu.    Tbt 


becomea   horizontal.    Tlie  weights  put  in  the   second  pan 
mdicate  the  weight  of  the  body. 

How  tre  bodlei  wH  gh«d  f 
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ReqoiBitet  lor  a  good  Balance. 

45.    A  good  balance  ought  to  satisfy  the  following  con- 
ditions : 

1.  The  lever  arms,  An  and  JB«,  should  be  exactly  equal. 

Wo  have  »een  in  disoussing  the  lever,  that  its  aims  mast  be  eqaal, 
in  order  that  there  may  be  an  equilibrium  between  the  power  and 
resiHtancc,  when  these  are  equal.  If  the  arms  are  not  equal,  the 
weiglitH  placed  in  one  ctcalo  pan  will  not  indicate  the  exact  weight 
of  the  body  placed  in  tlie  other. 

2.  The  balance  should  be  sensitive;  that  is,  it  should  turn 
on  a  very  small  difference  of  wrights  in  the  two  scale  pans. 

This  requires  the  fulcrum  and  itB  supports  to  be  very  hard  and 
smooth,  so  as  to  produce  little  friction.  By  making  the  needle  long, 
a  sliglit  variation  from  the  horizontal  will  be  more  readily  per- 
ceived. 

3.  The  centre  of  gravity  of  the  beam  and  scale  pans 
should  be  slightly  below  the  edge  of  the  fulcrum. 

If  it  were  in  the  edge  of  the  fblorum,  the  beam  would  not  oome 
to  a  horizontal  position  when  the  scales  were  equally  loaded,  but 
would  remain  in  any  position  where  it  might  dianee  to  be  placed. 
If  it  were  above  the  edge  of  the  fulcrum,  the  beam  would  remain 
hoRSontal  if  plvoed  m,  bat  if  ilightly  defleeted,  it  would  tend  to 
overturn  by  the  action  of  the  weight  of  the  beam. 

The  nearer  tlie  centre  of  gravity  comes  to  the  e%e  of 

the  fulcrum,  the  more  accurate  it  will  be ;  but  at  the  samo 
time,  it  would  turn  more  slowly,  and  might  finally  come  to 
turn  too  slowly  to  be  of  use  for  weighing. 

It  is  to  be  observed  that  when  the  scale  pans  are  heavily 
loaded,  an  increased  weight  is  thrown  on  the  fulcrum,  which 


(45.)  Explain  the  reqaWtes  of  s  good  bAlanoe    1    Lever  wtds.     IttusiraU. 
S.  Sensitlveneaa.    lUiuiraU.    8.  Podtlon  of  centre  of  gravity.    lUuttraU. 
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cftuses  an  increase  of  friction,  and  consequently  a  diminu- 
tion of  sensitiveness. 


Methods  of  Testing  a  Balamoa. 

U,    To  see  whether  the  arms  are  of  equal  length,  let  n 

Wy  be  jilaced  in  one  scale  pan,  and  eouiiterbu lanced  by 
weights  put  in  the  other ;  then  change  places  with  the  body 
and  the  weights.  If  the  beam  remains  horizontal  after  this 
ckngo,  the  arms  are  of  equal  length,  otherwise  the  balance 

To  test  the  sensitiveness,  load  the  balance  and  bring  the 
beam  to  a  horizontal  |»o.sition,  then  deflect  it  slightly  by  a 
amil  force  and  see  whether  it  returiiB  Blowly  to  its  former 
position.  It  ought  to  come  to  a  state  of  rest  by  a  succes- 
fiion  of  oscillations. 

Blethod  of  weighing  correotlj  with  a  false  Balance* 

IT,  To  w^eigh  a  body  with  a  false  balance,  place  it  in 
t>no  scale  pan  and  comiterbalance  it  by  any  heavy  mntter, 
^^  shot  or  sand,  placed  in  the  other  pan.  Tlien  take  out 
^be  Iwdy  and  replace  it  by  weights  wiiich  w^ill  exactly  re- 
^oi-ie  the  equilibrium  of  the  balance.  The  weigh ttn  will  be 
^Uet\y  equal  to  the  weight  of  the  body.  The  reason  for 
*tia  method  is  apparent. 


<y 


I«aws  of  fallmg  bodies. 


i§«    Wliai  bodies  starting  fi'om  a  state  of  rest  fall  freely 
vacuum,  that  is,  without'  experiencing  any  reaLstance, 
hey  conform  to  the  following  laws : 

1.  All  bodies  faU  equally  fast 


M  tt»)  H<wr  ti  »  b»l»nca  to  be  tosteil  f    (  47-)  How  may  a  body  be  welglied  e<r 
lly  by  a  Ihdso  bAlADCe  V    (  4  S  •)  Wbat  1b  the  Uriit  law  of  folllDg  bodies  T 
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When  resisted  by  the  air^  bodies  whose  bulb  is  very  large  in  pr^ 
portion  to  tlieir  weight,  fall  more  alowly  than  those  whose  balk  it 
small  J  thu?,  a  soap-bubble  ialla  more  slowly  tbaa  a  bullet. 

2.  The  velocities  acquired  during  the  fail  (ire  propcf- 
tional  to  the  times  occupied  in  falling, 

A  body  acquires  ft  velocity  of  32  J  feet  iii  one  second;  it  wj  I 
Ihereforc  acquire  a  velocity  of  64 J  feet  in  two  seoonds,  a  velocity  ol 
ye^  Tcet  iti  three  seconds,  and  bo  oil. 

3,  The  spaces  passed  over  are  proportiofKd  to  the  squam 
of  the  times  occupied  in  faUing, 

A  body  falls  from  rest  through 
le^V  f"Ejet  in  oae  second  ;  it  will 
therefore  fall  4  x  I  G^^ij ,  or  64 J,  iu  two 
seconds.  9x16^^,  or  144|  feet,  in 
three  seconds.  16x16^^,  or  257J 
feet  in  four  second*s.  and  so  on. 

The  first  law  is  verified  by 
the  following  experiinent.  A 
glass  tube,  six  feet  long  {Fig. 
32),  is  closed  at  one  end,  and 
at  the  other  it  has  a  stopcock, 
by  which  il  can  be  closed  or 
opened  at  pleasure.  A  small 
leaden  ball  and  a  feather  are  in- 
troduced within  the  tube.  So 
long  as  the  tube  ia  full  of  air,  if 
it  be  suddenly  in  vert  eel,  it  nill 
be  obaet-red  tliat  the  ball  reach- 
es tbe  bottom  sooner  than  the 
feather.     If  now  the  air  be  ex- 

L haunted    by  means   of   an   air- 
US' 
tew? 


Fig.  89. 


H^t-^  of  atmo9ph«Hc  rtfiiHfrfiee.    Vhut  li  tbs  second  l»w  t    lUu^traU.    TUii 
law  ?    niustfote,    Boyr  h  thu  first  law  verified  ? 
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pomp,  and  the  tube  suddenly  inverted,  both  the  ball  and 
the  feather  will  be  seen  to  Ml  through  the  length  of  the 
tube  in  the  same  time.  This  experiment,  besides  yerifying 
the  law,  shows  also  that  the  air  offers  a  resistance,  which  is 
greater  for  light  than  for  heavy  bodies.  This  resistance  is 
proportional  to  the  sur&ce  offered  to  the  direction  of  the 
fall. 

The  second  law  is  a  consequence  of  inertia  and  the  con- 
tinued action  of  gravity.  The  velocity  generated  in  the 
first  second  is  to  be  added  to  that  generated  in  the  next 
second,  to  obtain  the  velocity  generf  ted  in  two  seconds. 
This  must  be  twice  that  generated  in  the  first  second.  This 
again  must  be  added  to  that  generated  in  the  third  second, 
to  obtain  that  generated  in  three  seconds.  This  then  must 
be  three  times  that  generated  in  the  fiist  second,  and 
so  on. 

The  explanation  of  the  third  law  will  be  better  under- 
stood after  having  considered  the  nature  of  the  inclined 
plane,  which  is  discussed  in  the  succeeding  articles. 

The  Znoliiifid  Plane. 

49.  An  LrauNED  Plahx  is  a  plane  which  is  inclined  to 
a  horizontal  plane ;  thus,  AJS^  Fig.  33,  is  an  inclined  plane. 

When  a  body  rests  oh  a  horizontal  plane,  as  for  example 
on  a  table,  the  action  of  gravity  tending  to  draw  it  down 
is  completely  counteracted  by  the  renstance  of  the  plane, 
and  it  remains  at  rest.  It  is  not  so,  however,  when  a  body 
is  placed  upon  an  inclined  plane.  In  this  case,  the  action  of 
gravity  may  be  resolved  into  two  components,  one  perpen- 
dicular to  the  plane,  and  the  other  parallel  to  it.  The 
action  of  the  first  component  is  counteracted  by  the  re- 
sistance of  the  plane,  whilst  the  second  component  causes 

What  oUier  principle  does  the  ezperhnent  show?  Explain  the  reason  of  the 
■eeond  Uiw.    (  49,)  What  Is  an  Inellaad  Plane  t    Explain  its  principle. 
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the  body  to  move  down  the  plane.  Now,  this  last  force  is 
only  a  fractioo  of  the  weight  of  the  body,  as  a  fourth,  & 
fifth,  or  a  Mxth,  according  to  the  Inclination,  but  it  obeys 
the  same  laws  that  the  entire  force  would,  in  causing  a  body 
to  fidl. 

Veiification  of  the  tMrd  IjSw  of  faJMng  Bodies. 

$0.  To  veriiy  the  third  law  of  falling  bodies,  we  coi^ 
struct  a  plane  with  a  slight  inclination  and  divide  it  into 
100  equal  parts,  as  8hown  in  Fig.  33.  We  then  ascertiun 
by  successive  trials  ut  what  division  of  the  scale  a  leadea 


ball  must  be  placed  to  roll  lo  the  bottom  .1,  in  one  second; 
suppose  at  the  sixth  division.  If  now  the  ball  be  placed  at 
the  twenty-fourth  division,  it  will  roll  to  the  bottom  in  two 
seconds ;  if  placed  at  tlie  iifty-fourth  division,  it  will  roll 
down  in  three  seconds ;  if  placed  at  the  ninety-sijtth  divi- 
H       slon,  it  will  roll  down  in  fonr  seconds,  and  so  on. 

H  Hence,  we  conclude  that,  the  ^imces  passed  over  ar 

H      portional  to  the  squares  of  the  times. 


i  50*)  How  Ifl  tliA  third  law  of  fiilling  bodlm  Ttdfled  f 
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Applications  of  the  Inclined  Plane. 

5l»  When  a  body  is  placed  upon  au  inclined  plane,  that 
pompoTient  of  its  weight  which  ueU  to  move  it  down  the 
pbtn?^  becomes  smaller  as  its  inclination  diminishes.  Hence, 
the  force  required  to  draw  a  Ijody  up  an  inclini^d  plane, 
^\^  k'corae  smalk?r  as  the  inclination  diminislies.  This 
imndple  is  often  utilized  in  the  Aits ;  thus,  to  raise  a  heavy 
^>^«ly  tu  a  heiglit,  we  construct  an  inclined  pkne,  up  which 
It  may  be  easily  drawn. 

It  k  in  acccjrdance  w^ith  this  principle  that  i-oads  are  coii- 
^tnieted  to  ascend  high  hills  and  mountains,  as  show^n  in 
%.  34.    Such  a  road  consists  of  a  succession  of  planes 


-Ci«!Bfe 


Fig.aL 


TOg  in  different  directions,  w^hich  may  be  equally  or  un- 
iiially  inclined  to  the  horizon. 


II •)  W1i»t  bi  Utfl  QM  of  tho  IndnMd  p1mii«  lu  the  Artot    Eirpkln iti  asgyVVoflkVMA 
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It  is  according  to  the  principle  of  the  inclined  plane  tbat 
water  flows  along  rivers  and  canals.  The  steeper  thein* 
clined  planes  which  form  their  beds,  the  more  nq[nd  their 
currents. 

In  mechanics,  two  inclined  planes,  wound  about  a  cylin- 
der, constitute  the  screw ;  hence  the  principle  of  the  screw 
is  but  a  modification  of  that  of  the  inclined  plane.  The 
wedge  is  made  up  of  two  inclined  planes,  placed  back  to 
back ;  hence  its  principle  is  also  but  a  modification  of  that 
of  the  inclined  plane. 


TIm  FwidnlnnL 


59.  A  Pendulum  is  a  heavy  body  suspended  from  a 
horizontal  axis  about  which  it  is  free  to  vibrate.  Thus,  the 
ball  m,  suspended  from  C,  by  a  string,  Rga  36  and  36,  is  a 
pendulum. 


When  the  centre  of  the  hall, 
m,  is  exactly  below  the  point 
of  suspension  C,  Fig.  35.  it  is 
in  equilibrium,  for  in  that  po- 
sition the  action  of  gravity  is 
resisted  by  the  tension  of  the 
string.  If,  however,  the  ball 
be  drawn  aside  to  n,  Fig.  96, 
it  is  no  longer  in  equilibrium, 
for  in  that  position  the  foree  '^^^ 

of  gravity  acts  to  draw  it  back  |>tg.  8Bb 

to  m,  at  which  point  it  will 
arrive  with  the  same  velocity  as.  though  it  had  talien  through  the 
vertical  height  om.  In  consequence  of  its  inertia  and  acquired 
velocity,  the  ball  does  not  stop  at  m,  but  moves  on  towards  p.  In 
descending  from  n  to  m,  the  force  of  gravity  acts  as  an  accelerating 


V^il 


Explain  the  flow  of  rivers.  What  is  the  screw?  What  is  the  wedge?  On  what 
principle  do  they  act  ?  ( 52.)  What  is  a  Pendolam?  What  eam$e9  tk§  pm^mimm 
t!>  vidraUf   JBaeplain  the  a:iUm  im,  detail. 
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foroe,  but  in  a»eending  from  m  to  p,  it  acts  as  a  retarding  foroci 
hence  the  bail  moves  slower  and  slower  till  it  reaches  p.  The  dis- 
tatioe  mp  would  be  rigorously  equal  to  tfin,  were  it  not  for  the  re- 
iistance  of  the  air. 

Tiie  ball,  Laring  reached  p,  is  in  tbo  same  state  as  it  was  at  n  ; 
ik  weight  again  acis  to  draw  it  back  to  m,  whence,  by  virtue  of  its 
iftertin  and  velocity,  it  again  naes  to  n  and  so  on  indefinitely. 

Tli)«  backward  and  forward  motion  is  called  OsciiliUory  Motion, 
^smsle  eioursion  from  a  to  p,  oi  from  p  to  n^  is  called  a  Simple 
Qtcilktion^  or  Vibratmi  An  cxeurf^ion  from  fi  lop,  and  back  a^ain 
tf'Ti,  i»  called  a  Double  fJscUlation.  The  angle,  pCn.  is  called  the 
*neleof  the  Amplitude  of  the  oecitlaiioti 

III  (»n*equence  of  the  resistance  of  the  air,  the  ampUtiide  is  con- 
tinually diminishing,  and  the  ball  eventually  comes «to  rest,  though 
often  not  till  after  the  lapse  of  some  hours. 

Simple  and  Oompoimd  Fenduliuna. 

5J.  A  Simple  PENDtrLtixi  is  such  a  pendulum  as  would 
^  forraed  by  Buspending  a  single  material  point,  by  a 
*^^«g  destitute  of  weight, 

Such  a  pendulum  may  exist  in  theory^  and  is  thus  useful  in 

arriving  at  the  laws  of  oscillation,  but  in  practice  it  can  only  be 

''PProiimated  to  by  making  the  ball  very  small  and  the  striiig  very^ 

fine, 

A  Compound  Pexbulum  is  any  heavy  body  whicb  is  fi'eo 
^0  oscillate  about  a  horizontal  axis. 

It  maybe  of  any  form,  but  in  general  it  consists  of  a  stem  T. 
^^?>  38,  which  is  either  of  wood  or  metal  The  stem  terminatL-s 
''^tm  a  thin  and  flexible  plate,  a,  usually  of  Btec)  ;  it  tenninates 
^Win  a  di^k  of  metal  L.  called  the  boh^  which  di«ik  is  of  a  len- 
^NUr  shape,  that  the  resistance  of  the  air  to  its  motion  may  be  sff 
•'tile  as  possible. 


WTl«rt  U  (hcittarv  MbtUmf     What  U  an  O^cUlniion  or  mhroHon  f    What  i» 
^AgitjMktdtt     What  ^0ket  hat  Vt^  nir<m  vibrn^iau  f    (&3>>  WbaMs  »  Simple 
I  U  real  or  id^alf    Wlut  it  s  Compound  rcndnhiTii  f    Eirpktii%  it* 


^^mduiuDBir   /«  I 
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Laws  of  O^oiUation  of  the   Pendulum. 

M*     The   oscillations   of   the   pendulum   take 
accoi'datice  with  the  fallowing  laws : 

1.  Mfr  pendulutm  of  unequal  lengths^  the  times  of  OKtt 
latlon  are  proportionai  to  the  square  roots  of  their  hngil 

2.  Fbr  the  same  pefidulum^  the  time  of  osciUdtion  is  ind 
pendent  of  the  amplitude^  provided  the  amplitude  be  amaST 

3.  Fo7'  pemhdiims  of  t/te  same  length,  the  time  of  osciUa- 
tion  is  independent  of  t/ie  nature  of  tJte  material. 

Pendulums  of  wood,  iron,  copper^  glassj  all  being  of  the 
length,  will  all  oscillate  in  the  aaine  time, 

4.  I^or  fhs  same  pendulum  at  different  places^  the  fir< 
of  osciMation  are  inversely  aa  the  sqtmre  roots  of  the  for 
of  gramty  at  those  places. 

These  laws  are  deduced  from  a  course  of  mathematical  reasoning 
on  the  theoretical  simple  pendulum,  but  they  may  he  verified  experi- 
mentally  by  employing  a  very  small  ball  of  plaiinum,or  other  heavy 
metal,  and  suspending  it  with  a  very  fine  silk  thread. 

To  verify  the  first  law  witli  such  a  pendnlwm,  we  begin  by  making 
it  vibrate,  and  then  counting  the  number  of  vibrations  in  one  minule 
Suppose,  for  example,  that  it  makes  seventy-two  per  minnte.  Now 
make  the  string  four  times  as  long  as  before,  and  it  will  be  found 
lliat  the  pendulom  makes  only  thirty-six  osciUattons  per  minu 
If  tlio  Siring  is  made  nine  f  imes  as  long  as  in  the  first  instance,  it  wi! 
be  found  that  the  pendulum  makes  only  twenty-four  oscillations  per 
minute,  and  so  on.  In  the  second  case  the  time  of  osciUation  is  twice 
as  great,  and  in  the  third  ca^e  it  is  three  times  as  great  as  in  the  finti 
caBe.  Now,  because  two,  three,  &c*,  are  the  »quare  roots  of  four, 
nine,  &c.,  it  followa  that  ihe  law  is  verified. 

To  verify  the  second  law,  let  the  same  pendulum  oscillate^  at  first 

( 54#>  What  U  the  first  liiw  of  vibration  f   The  ft^«ond  law  ?    The  third  Iaw  T    mufh- 
tratt.     The  Jhtirlh  lawT     Mow  ar§  th^aa  lawa  dtduetdf     H{n^  U  th«jfMi  i 
verijUd  f    mno  U  ih4  »eeond  law  ver^led  f 


ind     I 


jl^  ijil^. 
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^ugh  ao  arc.  pn^  and  then  through  any  oiher  arc,  rg- ;  it  will  h^ 
^iKuid  that  the  number  of  oiicillationB  per  minute  u  ihe  itame  in  eaeh 
cue.  Hence  the  Jaw  is  verified.  It  is  to  be  obn^rvcd  that  tlie  Uw 
to  not  hold  true  unJeiis  the  arcs,  pn  and  rg,  are  very  small,  that 
iS,  not  more  than  three  or  four  degrnea. 

The  properly  of  pendu!um9,  that  their  times  of  oscillation  ar« 
independent  of  the  arnplitudo  of  vibration,  is  desifrnaled  by  the  name 
isockronism^  [r<Kn  two  Greek  words  signify  in  a:  equal  times;  o»«eilla- 
tlojis  pt^rformed  in  equal  times  are  called  isochnmal, 

GiiLTLEo  first  discovered  the  fact  that  small  o^iJIationa  of  a  pen* 
dulum  were  isochronal,  lowardH  the  end  of  the  sixteenth  century.  It 
is  atated  that  he  waa  led  to  the  discovery  by  noticing  the  opcillattons 
of  a  chandelier  suspended  from  the  ceiling  of  Ihe  Cathedral  of  P| 


n 


of  a  chandelier  suspended  irom  the  ceilius  of  the  Cathedral  of  riaa.         i 

^m  A  AppMeatioEUi  of  the  Pendulum.  ^^^^H 

55,     On  accomit  of  the  isoclironiam  of  its  vibrations,  tn^^' 
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55,  On  accomit  of  the  isoclironiam  of  its  vibrations, 
pendulimi  has  been  applied  to  regulate  the  motion  of 
clocks.  It  was  fii*8t  u&ed  for  this  purpose  in  1657,  by 
HuTGHKNS,  a  Dutch  phi!osoY)her.  The  motive  power  of  a 
clock  18  sometimes  a  weight  acting  by*a  cord  wound  around 
a  drum,  and  sometimes  a  coiled  spring  similar  to  a  watch 
spring.  These  motors  act  to  set  a  train  of  wheel-work  iu 
motion,  which  in  tuni  imparts  motion  to  the  hand^  that 
move  round  the  dial  to  point  out  the  hour.  It  is  to  impart 
uniformity  of  motion  to  this  train  of  wheel-work  that  the 
pendulum  is  used. 

Fig.  38  ahowB  the  mechaniam  by  means  of  which  the  pendulum 
acta  as  a  regulator.  A  toothed  wheel,  R^  called  a  scape  wheel,  ia 
connected  with  the  l.rain  driven  by  the  motor,  and  this  scape  wheel  it; 
checked  by  an  anchor,  m?K  which  is  attaclied  to  the  pendulum  and 
vibrates  wilh  it.  The  anchor  has  two  projecting  points,  m  and  n. 
called  pallets,  which  engage  alternately  with  the  teeth  of  the  Fcape 
wheel,  in  such  a  manner  that  only  one  tooth  can  paas  at  each  swing 


Limitation.  What  is  igochrnnijtfn  f  When  are  vibrattofut  iitwJtrmt^lf  WA>1 
di«Pi>ft€rt!d  ih^  p^ndvlunt^  anU  te>h«nt  (5S*\  What  ts  tlnn  prindpftl  jws  of  tbtf 
fiei^alaiitr  Wbat  is  the  nujtor  la  a  clocks  What  is  tbe  qm  of  ihe  tHadalaml 
Hofptain  th*  action  q^  tl«  ptndfUtHn  as  a  reffulator. 
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of  the  pendulum.  Tbe  motor  turofl  tbe  scape  wheel  iji  the  dir 
of  the  arrow  until  one  of  the  leeth  cngaes  in  «Ptact  with  ihe  jM 
m.  wh»ch  Biops  the  motian  of  the  wlteel-work 
till  a  swing  of  the  pendalutn  lifu  the  pallet,  m^ 
from  between  the  two  teeth,  when  a  sin-{e 
tooth  paasea  and  the  wheel-work  moves  oo 
until  again  arrested  by  the  palJet,  n,  tailing 
between  two  teeth  on  the  other  side.  A 
second  swing  of  the  pendalniii  lifts  out  Lh« 
pallet,  n.  ftutfcm  another  tooth  to  pass,  when 
the  wheel-work  is  again  arrested  by  the  pallet^ 
m,  and  £0  on  indefinitely.  The  beats  of  the 
pendulum  beins  isochronous^  the  intenral  of 
time  between  the  consecutive  escape  of  two 
teeth  is  always  conBtatit,  and  thus  the  motion 
of  the  wheel- work  is  kept  ixniform.  The  loss 
of  force  which  fhe  peuduluin  continually  ex- 
periences, is  supplied  by  the  motor  tiirough 
I  ho  scape  wheel  and  the  anchor  This  i^ 
called  the  sustaming  power  of  the  pendnlum. 
Owing  to  expansion  and  contraction  from 
variations  of  teroperaturej  the  length  of  the 
pendulum  varies^  and  according  to  the  fir^t 
law,  its  time  of  vibration  changes.  In  nice 
clocks  tins  change  is  compensated  by  a  com- 
bination of  metals.  In  common  clocks,  it  is 
rectified  by  lengthening  or  shortening  the  pen- 
dulum by  a  nut  and  screw^  sihown  at  t.  by 
nieiins  of  which  the  lenticular  bob  may  bo 
moved  up  and  down.  In  summer  the  pendu* 
lum  elongates  and  the  clock  loses  time,  or  runs 
too  slow  :  this  is  rectified  by  screwing  up  the 
nut  and  fihortening  the  pendulum.  In  winter 
the  pendulum  contracts  and  the  clock  gains 
time:  this  is  rectified  by  unscrewing  the  nut 
and  lengthening  the  pendulum. 

,JFhai^0bct  4a«tf  variaiiQm  t^  temperaturt  oa  tAt  pindulum  t    JTow  ar^  I 
t^&mpMW/Udi»n4c9  clocks  t    ^tm  t»  WfmnwfKilocis9  r    Why  dot 
1 1(»  mmm^r  and  gain  <*m«  in  tckit4r^ 


[n  accord anee  with  the  principle  enunciated  in  the  fourth  law^  tlie 
lid  alum  has  been  osad  to  determine  the  intensJty  of  gravity  at 
ferent  points  on  the  earth's  Kurlacc.  In  this  way  it  haa  boen 
[)wn  that  the  velocity  acquired  by  a  body  falling  in  vacuum  for 
e  second-  is  32J  feet,  in  the  latitude  of  the  city  of  New  York,  li 
»  been  found  by  careful  experiment  that  the  length  of  a  pendulum 
brating  seconds  in  New  York,  is  a  little  over  39  inches. 

The  length  of  the  seconds  pendidum  at  any  pl.ice  being 

nistant,  it  has  been  taken  as  the  basis  of  the  English 
jrateni  of  weights  and  measures,  and  from  the  English  we 

ivc  taken  onr  own  system- 

The  pendulum  has 

sen  sawesafully  em- 

oyed  by  M.  Focf- 

LULT,  a  French  phy- 

ciat  of  our  own  day, 

>   demonstrate   the 

ally  rotation  of  our 

lobe.     The   details 

r  his  experiment  are 
oo  abstruse    to    be 

;ven  in  this  place. 


The  Metronome. 

56-    The  Metro- 
*VoME   is    a   sort    of 
endulum  employed 
musicians     and 
hers  to  mark  equal 
itervals  of  time.    It 
shown  in  Fig,  39. 
consists  of  a  pen- 


yWh^t  pHncij^«  tiMhUn  U9  to  miOAUrf  the  fore^  of  ffratity  f    Hmt  far  do€»  a 
Vy  fiiil  in  one  906ondf      What  tJi  ifm  l«nfftA  oj  a  ^eoondn  pendulum  in  Jf^te 
hrk  f    AppUc*t\oii  to  weights  and  measures?     What  implication  did  Fovoaolt 
Ite  of  th«  peDdulttcn  ?    (56.)  What  is  a  Metronome? 
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dulum  C-B,  suspended  at  O.  A  weight,  A^  slides  along  the 
rod  (7,  and  may  be  set  so  as  to  make  the  vibrations  as  slow 
or  as  rapid  as  may  be  desired.  The  instrament  is  set  by 
means  of  a  scale,  marked  on  the  rod,  so  that  any  number 
of  oscillations  may  be  made  in  a  minute.  The  pendulum  is 
sustained  by  a  coiled  spring  which  sets  in  motion  a  train 
of  wheels,  somewhat  in  the  manner  of  a  clock.  In  the 
drawing  the  weight  is  set  at  92,  which  shows  that  it  is  to 
make  92  oscillations  per  minute. 


IT.  —  PRINCIPUES    DEPENDENT    ON    MOLSCITLAB    ACnOH. 

Moleonlur  Foioe*. 

5T*  Besides  the  fcrces  which  act  upon  bodies  from 
without  and  at  sensible  distances,  there  is  another  class  of 
forces  continually  exerted  between  the  molecules  of  bodies, 
and  acting  only  at  insensible  distances.  These  forces  are 
called  Molecular  JForoea^  and  are  both  cUtractive  and 
repellent. 

The  molcoulea  of  bodies  are  held  in  equilibrium  by  these  forces, 
and  it  is  to  them  that  are  to  he  attributed  many  of  the  most  im- 
portant physical  properties.  The  ultimate  particles  of  bodies  do  not 
touch  each  other,  being  kept  asunder  by  a  force  of  repulsion,  which 
we  have  said  is  in  general  due  to  heat ;  they  are  prevented  from 
receding  from  each  other  too  far  by  a  force  of  attraction,  and  it  is 
only  when  these  forces  just  balance  each  other  throughout  the  body, 
that  it  is  in  equilibrium. 

When  a  body  is  compressed,  the  forces  of  repulsion  are  called  into 
play,  and,  acting  like  coiled  springs,  they  tend  to  restore  the  body 
to  its  primitive  form.  In  like  manner,  when  a  body  is  elongated,  or 
stretched,  the  forces  of  attraction  are  called  into  action  and  tend  to 
restore  the  body  to  its  primitive  form. 

DMeribe  it  ( 57.)  Wbst  an  Moleonlsr  ForoeB  ?  How  divided  ?  ^ow  ar«  moU- 
euUtMdinplMet  Tb  vfhtU  is  th^  repMmU /nv  dtttt  JBay^tain t/^ ^ftck  ^ 
oompr€$tinQ  and  HrifUMng  hcdiit. 
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Oobarion. 

5§.    CoiTESiON  i^  the  force   of  attraction  which   hold 
the  molecales  of  the  Bame  body  together,  as,  for  examp 
in  a  niass  of  iron,  or  of  wood. 

Cohesion   differs  from    chemical    affinity,  which   determines  the 
■QolecaleB  by  uuiiiog  dis^siniilar  atoms  according  to  fixed  laws.     Chem* 
>cal  affinity  unites  atoms  of  carbon,  oxygen,  and  hydrogen,  to  form  | 
molecules  of  RUgar ;  but  it  is  cohesion  that  unites  the  molecules  of  j 
■ngar  mto  a  solid  body. 

The  strength  of  bodies  depends  ttpon  cohesion.  Whf.n  a 
Wdy  offers  a  strong  resistance  to  forces  tending  to  tear  it 
Sunder,  it  is  said  to  be  tenacious ;  for  example^  iron  or 
«teel  wires,  and  the  like,  are  highly  tenacious. 

Adhmoii. 

59,  Adhesion  is  the  force  of  attraction  which  holds  the 
molecales  of  disdmilar  bodies  together.  Thus,  it  is  adhe- 
don  which  causes  paint  and  glue  to  adhere  to  wood. 

If  two  polished  bodies  are  brought  into  contact,  and  pressed  to* 
geibef}  ibey  will  adhere  with  considerable  force.  If  two  pJates  of 
gfacs  be  grouiKl  so  as  to  fit  closely,  and  a  little  oil  be  inierpoeed,  it 
is  very  difficult  to  separate  them.  If  two  hemispheres  of  lead  bo 
pressed  l<^ether,  after  haTing  their  plane  surfaces  well  polished, 
they  will  adhere  very  strongly. 

It  is  adhesion  which  renders  it  diMcuU  to  raise  a  wooden  board 
from  the  surface  of  the  water  on  which  it  floats.  It  is  also  adhesion 
-*  between  the  parlicles  of  wood  and  water,  that  causes  water  to 
spread  over  a  piece  of  wood  upon  which  it  is  poured. 

Solution  is  due  to  adhesion.  Thus,  when  sugar  dissolves  in 
water,  it  is  because   the  adliesion   between   the  molecules  of  sugar 


I 


(S8*)  What  1»  OobeiiioD?  Emmplo,  Di&ffer^nr*  fn^teeen  coh^fdon  and  ahem* 
tcatafflnUpf  niMiraie,  When  la  »  bn»ly  tentidrtuji  ?  (59,)  Wh»t  Is  Aclhp»lonT 
Exsmple.    Eippkiin  ad/LMion  of  m^taUie  tmrfacM,    Of  boani  to  waUf,    Eiapiaii* 
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and  water  is  stronger  than  the  cohesion  between  the  molecules  (A 
sugar.  If  a  liquid  tends  to  spread  itself  over  a  solid  body,  it  is  sai 
to  wet  it,  as  water  upon  glass.  If  it  gathers  in  globules,,  it  does  00 
wet  it,  an^uicksilver  upon  glass. 

V  60.    Capillary  Forces  are  molecular  forces,  exerted 
between  the  particles  of  a  solid  and  those  of  a  liquid.    T 
are    called   capillary,  because  their  effect   is    mostly  oIk 
served  in  capillary  tubes,  that  is,  tubes  of  the  diameter  ot^ 
a  hair. 
The  following  are  some  of  the  phenomena  of  capillarity: 

1.  When  a  body  is  plunged  into  a  liquid  which  is  capable 
of  wetting  it,  as  when  a  glass  rod  is  plunged  into  water,  il 
is  observed  that  the  liquid  is  slightly  elevated  about  the 
body,  taking  a  concave  form,  as  shown  in  Fig.  40. 


Fig.  4a 


Pig.  41. 


Fig.  42. 


2.  If  a  hollow  tube  is  used  instead  of  a  rod,  the  liquid 
will  also  rise  in  the  tube,  as  shown  in  Fig.  41.  The  smallet 
the  bore  of  the  tube,  the  higher  will  the  liquid  rise,  and  th^ 
more  concave  will  be  its  upper  sui'&ce. 


C^ifL)  Wbti  MTB  CJapfllftiy  Forces  T   "Wliy  to  «&\\«^^   'E.tc\&Vti  \\i«  ^\i«ck<»nifliio« 
observed  wheD  m  glaaa  rod  \a  plunged  In  wateT,   "WYiexk  a  ta\»  \a  \\unQ|(At.  VhXa^^v^^o 
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3.  When  a  tube  is  plunged  into  a  liquid  which  is  not 
capable  of  wetting  it,  as  when  glass  is  plunged  into  quick- 
silver, the  liquid  is  depressed  both  on  the  outside  and  on 
the  inside,  taking  a  convex  sui-^ice,  as  shown  in  Fig.  42. 
The  smaller  the  tube,  the  greater  will  be  the  depression, 
and  the  more  convex  will  be  the  upper  surface. 

These  capillary  phenomena  are  due  to  the  resultant  action 
of  the  cohesion  of  the  liquid  and  the  adhesion  of  the  solid 
and  liquid.  When  the  former  predominates,  the  liquid  is 
depressed  in  the  tube.  When  the  latter  predominates;  the 
liquid  is  raised  in  the  tube. 

AppUoatiooi  of  OapiUazity. 

61.  It  is  in  consequence  of  capillary  action  that  oil  is 
raised  through  the  wicks  of  lamps,  to  supply  the  flame  with 
combustible  matter.  The  fibres  of  the  wicks  leave  between 
them  a  species  of  capillary  tubes,  through  which  the  oil 
rises. 

If  a  piece  of  sugar  have  its  lower  end  dipped  in  water, 
tlie  water  will  rise  through  the  capillary  interstices  of  the 
sugar  and  fill  them.  This  drives  out  the  air  and  renders 
the  sugar  more  soluble  than  when  plunged  dry  into  water, 
in  which  case  the  contained  air  resists  the  absorption  ol 
^ater,  and  retards  solution. 

If  a  bar  of  lead  be  bent  into  the  form  of  a  siphon,  and  the 
short  arm  be  dipped  into  a  vessel  of  mercury,  the  mercury 
will  rise  into  the  lead  by  capillary  action,  and  flowing  over 
the  edge  of  the  vessel  will  descend  along  the  longer  branch 
^d  escs^e  from  tho  lower  extremity.  In  this  way  the 
vessel  may  be  slowly  emptied  of  the  quicksilver. 

Many  fluids  may  be  drawn  over  the  edges  of  the  contain- 
^g  vessels  by  a  sijAon  of  candle-wicking  dr  other  capillary 


When  a  glass  tnbe  is  plunged  into  mercury.  Causes  of  the  phenomena.  (61.) 
Why  does  oil  rise  in  awlek?  Water  in  sugar?  Explain  leaden  siphon.  Explain 
^hoBofwioking. 
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62.  Absorption  is  the  penetration  into  a  porous  body, 
of  any  foreign  body,  whether  solid,  liquid,  or  gaseous^ 

Carbon,  in  the  form  of  charcoal,  has  a  great  capacity  for 
absorbing  gases.  If  a  burning  coal  be  introduced  into  a 
bell-glass,  filled  with  carbonic  acid,  collected  over  mercury, 
the  volume  of  the  gas  is  diminished  by  being  absorbed  by 
the  coal.  It  is  found  that  the  charcoal  absorbs  in  this  way 
thirty-five  times  its  own  volume  of  the  gas.  Charcoal  also 
absorbs  other  gases  in  even  still  greater  quantities. 

Spongy  platinum  absorbs  hydrogen  so  rapidly  as  to  heat 
the  platinum  red-hot. 

In  vegetables  and  animals  we  have  many  examples  of  ab- 
sorption. The  roots  of  plants  absorb  firom  the  earth  tbe 
material  necessary  to  the  growth  of  the  stem  and  brancbes. 

In  the  animal  world,  absorption  plays  an  important  part 
in  the  process  of  nutrition  and  growth.  Animal  tissues  also 
absorb  solid  substances.  For  example,  workmen  engaged 
in  handling  lead  absorb  through  the  skin  and  lungs  more  or 
less  of  this  substance,  which  often  gives  rise  to  very  serious 


Imbibition. 

63.  Imbibition  is  the  absorption  of  a  liquid  by  a  solid 
"body. 

Imbibition  is  an  effect  of  capillarity,  for  the  interstices 
between  the  molecules,  by  communicating  with  ea«h  other, 
form  a  mass  of  capillary  tubes,  into  which  the  liquid  pene- 
trates by  virtue  of  the  capillary  forces.  Such  is  the  cause 
of  wood  and  eartfi  absorbing  water  and  other  liquids.  If  a 
damp  substance  be  placed  in  a  dry  and  porous  vessel,  it 


(•a.)  What  IsAbsoipthMi?    Exanples.    Cafbon.   ^^ik«:Y  \A«ATram.   Y««bU.bl««. 
Aaiauds,    (68.)  What  is  ImbiMtioii?   Wliat  is  tkxo  cauM  ot  VrnXAXAXNoii^  ^BiSKBiV^«u 
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grow  drier,  whereas,  if  placed  in  a  vessel  wliich  has  no 
tion  for  water,  it  will  remain  moist. 

Whea  vegetable  and  animal  substaiKies  absorb  water,  the^  gener- 
ally augment  in  volume.  This  fact  explaias  many  phenomena  of 
daily  observatiotu 

If  a  large  ^liect  of  paper  be  moistened^  it  increases  in  size^  and 
again  contracts  when  dried.  This  properly  is  employed  by  draughts- 
men  to  stretch  paper  on  boards.     The  paper  iw  moistened,  and  after 

tng  allowed  to  expand,  its  edges  are  glued  to  a  drawing-board ; 
drying  it  is  stretched^  tbrming  a  siitooth  surface  for  drawing  upon. 
The  same  property  cauaeB  the  paper  to  peel  from  the  walla  of  a  room 
when  expOBed  to  moisture. 

When  a  workman  would  b€?nd  a  piece  of  wood^  be  dries  one  side 
and  moistenB  the  other.  The  side  which  Is  dried  contracts,  and  the 
opposite  side  expands,  bo  that  tlie  piece  is  curved.  It  is  the  absorp' 
tion  of  moisture  lliat  causes  the  wood-work  of  bouses,  furniture,  Jfcc,, 
to  fiwell  and  shrink  with  atmospheric  changes,  and  which  necessi- 
tates their  being  painted  and  varnished.  Paints  and  vamiebeSr  by 
filling  the  pores,  prevent  absorption. 

If  two  different  liquids  be  separated  by  a  mcmbninous  partition, 
a  current  will  be  set  up  from  each  liquid  to  ihe  other  tlirough  the 
membrane,  and  after  a  time  it  will  be  found  tbat  there  ia  a  mixture 
of  both  liquids  on  each  side  of  the  partition.  These  currents  are 
generally  unequal,  bo  that  there  is  an  actual  gain  of  substance  on  oae 
aide  and  a  corresponding  loss  on  the  other.  The  current  that  acta 
to  produce  an  increase  on  one  side  is  called  £7ido»mose^  and  the  oppo- 
site current  is  called  exosmose.  Thus,  if  a  bladder  filled  with  stJ'ong 
syrup  be  tied  to  the  end  of  a  glass  tube,  and  the  whole  plunged  into 
t  vessel  of  water,  the  fiynip  Boon  becomes  diluted  by  Uic  tlowing  in  of 
water,  and  the  mixture  rises  in  the  tube ;  at  the  same  lime  a  portion 
of  the  syrup  flows  out  and  mixes  with  the  water.  The  flowing  in 
of  the  water  is  end&smme,  and  tlie  flowing  out  of  the  syrnp-is  exoth 
moae.  Similar  results  are  obtained  by  using  other  liquids.  The 
phenom'jna  of  endosmose  and  exosmose  enable  us  to  explain  many 
interesting  facts  In  animal  and  vegetable  physiology. 
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POPULAR    PHYSICS. 


r.~PRO?ERTIES    OF    SOLIDS    DEPENDENT    ON    MOLECULAR    ACTION. 

Tenaoity. 

64.  Tenacity  is  the  resistance  which  a  body  offers  to 
rupture  when  subjected  to  a  force  of  traction ;  that  is,  a 
force  which  tends  to  tear  the  particles  asunder. 

The  tenacity  of  a  body  may  be  determined  in  pounds-  For  thii 
purpose  it  is  wrought  into  a  cylindrical  form,  having  a  given  eross- 
sectioD ;  its  upper  end  is  then  made  fast,  and  a  scale-pan  is  attached 
to  the  lower  end  ;  weights  are  then  placed  in  the  pan  until  ruptme 
takes  place.    These  weights  measure  the  tenacity  of  the  body. 

Metals  are  the  most  tenacious  of  bodies,  but  they  differ  greatly 
from  each  other  in  this  respect.  The  following  table  exhibits  the 
weights  required  to  break  wires  of  ilH^  of  an  inch  in  diameter, 
formed  of  the  metals  indicated  : 

Iron 549  lb. 

Copper 302  *' 

Platinum 274   " 

Silver 187    " 

Gold 150   « 

Lead 27   " 

It  has  been  shown  by  theory  and  confirmed  by  experiment,  that 
of  two  cylinders  of  equal  length  and  containing  the  same  amount  of 
material,  one  being  solid  and  the  other  hollow,  the  latter  is  the 
stronger 

This  latter  principle  is  also  true  of  cylinders  required  to  support 
weights ;  the  hollow  cylinder  is  better  adapted  to  resist  a  crushing 
force  fhan  the  solid  one  of  the  same  weight,  and  hence  it  is  that 
columns  and  pillars  for  the  support  of  buildings  are  made  hollow. 
This  principle  also  indicates  that  the  bones  and  quills  of  birda,  thf 
stems  of  grasses  and  other  plants,  being  hollow,  are  beat  adapted 
to  secure  a  combination  of  lightness  and  strength. 


(«4)   What  is  Tenadtyt    Siw  U  U  msawredf    What  hodie$ ar€ mofHeM- 
oiouBt  EooampUt,    WhatitOUMmiififr^aMttr^ngthr  AppUeaUtmUffratm 


uolbcvulU  ▲cTiOjr. 


HaTdnaw. 


65#  Haki>kess  19  the  resistance  which  a  body  ofTera  to 
being  scratched  or  worn  by  another.  Thus,  the  diamond 
scratches  all  othei*  bodies,  and  is  therefore  harder  than  any 
of  tiiem. 

After  the  diamond  come  the  sapphire,  the  ruby,  rock- 
ciystal,  Ac,  each  of  which  is  scratched  by  the  preceding 
one,  but  scratches  the  succeeding  one. 

Hurdness  must  not  be  confounded  with  reeigtanoe  to  Hb<K:ks  or 
compression.  Glass,  diamond,  and  rock-crystal  are  muoh  harder 
than  honj  hra^B,  and  the  like,  and  yet  Ihey  are  less  capable  of  re- 
sisting EhockB  and  forces  of  compression  ;  they  are  more  brittle. 

An  alloy  or  mixture  of  mclals  is  «rouerally  harder  tban  the  sepa- 
rate metals  of  which  it  is  composed.  Thus,  gold  and  silver  are 
soft  meiais,  and,  In  order  to  make  them  hard  enough  for  coitis  and 
jewelry,  they  arc  alloyed  with  a  small  portion  of  copper.  In  order 
to  render  block-tin  hard  enough  for  the  manufacture  of  domei^tio 
utensils,  it  is  alloyed  with  a  small  <|uanlily  of  lead. 

The  property  of  hardness  is  utilized  in  ihe  arts.  To  poli&h  bodies, 
powders  of  emery,  tripoli,  &c,,  are  used,  which  are  powders  of  very 
hard  minerals,  I>iimiond  being  the  hanlest  of  all  bodies,  it  can  he 
polished  only  by  means  of  its  own  powder.  Diamond-dust  is  the  most 
efficient  of  the  polishing  substances. 

Ductility. 

66.  DucrrLnT  is  the  property  of  being  drawn  out  into 
I  wires  by  forces  of  extension. 

Wax,  clay,  and  the  like,  are  so  tenaeionSj  that  they  can  easily  be 
\  flattened  by  forces  of  c<»mpression,  and  readily  wrought  between  the 
[lingers.  Such  bodies  are  plastic.  Glaps,  resins,  and  the  like  be- 
come tenacious   only  when  heated.  Glass   at   high   temperatures  is 
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80  highly  ductile,  that  it  may  be  spun  into  fine  threads  and  woven 
into  fabrics.  Many  of  the  metals,  as  iron,  gold,  silver,  and  copper, 
are  ductile  at  ordinary  temperatures,  and  are  capable  of  being 
drawn  out  into  fine  wires,  by  means  of  wire-drawing  machines. 

The  following  metals  are  arranged  in  the  order  of  their  ductility: 
platinum^  silver,  iron,  copper,  gold,  zinc,  tin,  lead. 

BCalleabiUty. 

67.    Malleability  is  the  property  of  being  flattened  or 
rolled  out  into  sheets,  by  forces  of  compression. 

This  property  often  augments  with  the  temperature ;  every  one 
knows  that  iron  is  more  easily  forged  when  hot  than  when  cold. 
Gold  is  highly  malleable  at  ordinary  temperatures.  Gold  is  reduced 
to  thin  sheets  by  being  rolled  out  into  plates  by  a  machine ;  these 
plates  are  cut  up  into  small  squares,  and  again  extended  by  ham- 
mering until  they  become  extremely  thin.  They  are  then  cut  up 
again  into  squares,  and  hammered  between  membranes,  called  gold- 
beater's skins.  By  this  process  gold  may  be  wrought  into  leaves  so 
thin,  that  it  would  take  282,000,  placed  one  upon  another,  to  make 
an  inch  in  thickness.  These  leaves  are  employed  in  gilding  metals, 
woods,  paper,  and  the  like.  Silver  and  copper  are  wrought  in  the 
same  manner  as  gold. 

The  following  metals  are  amongst  the  most  malleable  under  the 
hammer :  gold,  silver,  platinum,  iron,  tin,  zinc,  copper,  lead. 

When  metals  are  alloyed,  they  are  generally  harder  and  less 
malleable,  as  well  as  less  ductile. 

/«  gold  duetOet  Whtnt  Oine  eeoampiM  qf  ductOe  mOaU  (67.)  Whgt  is 
MalleablUty  t  IK/M  qf  temperature  f  ffow  it  gold  formed  itUo  Aeete  t  What  it 
the  order  qfmaUeabUUyqfmetaUt   JI!0MofaUaying, 


es.  The  Mechanics  of  Liquids  is  divided  into  two 
branches:  Hydkostatr::^,  whicii  treats  of  the  laws  of  equi- 
librium oi  liquids^  and  Hydkodynamics,  which  treats  of  the 
laws  of  motion  of  liquids. 

PiDpertieg  o£  Liquida, 

^  69.    The  followiiig  properties  are  common  to  aU  liquids: 

"l*    The   molecules  of  liquids    are   extremely  movablej' 
yieldmg  to  the  slightest  force. 

There  is  very  little  cohesion  between  the  molecules  of  liquids 
whence  their  readiness  to  slide  amongst  each  other.     It  la  to  this 

tofiticiple  that  they  owe  their  fluidity. 
2.  liquidl  are  only  slightly  compressible. 
Liquids  arc  »o  slightly  comprBssible.  that  for  a  long  time  they 
re  regarfJcd  as  abfiolutcly  iiicompro^sible.  In  1823,  ER^iTKU  c!e- 
mongt rated,  by  an  apparatus  which  he  contrived,  thfl-t  liquids  are 
*hghtiy  compressible.  He  showed  that  for  a  pressure  of  one  at- 
mosphere, that  is.  of  1 5  lbs,  nil  each  square  inch  of  surface,  water 
is  compressed  the  unnnnnr'^  ^^  **^  original  volume.     Slight  as  is 


Irai 


ftfa/dt    JUutirai^    Becomi  property  f    lUuvtraU 
4 


74  POPULAR     PHYSICS. 

the  compressibility  of  water,  it  is  nevertheless  ten  t 
presfiible  as  mercury. 

3.  Liquids  are  porous,  elastic,  and  impenc 
other  bodies. 

That  liquids  are  porous,  has  already  been  shown  {I 
they  are  elastic,  is  shown  by  their  recovering  their  vol 
compressing  force  is  removed.  It  is  also  shown  by  the 
transmit  sound.  Their  impenetrability  is  shown  I 
solid  body  into  a  vessel,  filled  with  a  liquid.  If  there 
tion,  a  volume  of  water  will  flow  over  the  vessel  just 
of  the  solid  introduced. 

XJpon  these  three  properties  of  liquids  depen 
perty  of  transmitting  pressures  in  all  directions. 

TransmiBskm  of  Pre88iiz8«.-Priiioiple  of  I 

70.  Let  a  bottle  be  filled 
with  water  and  corked,  as  re- 
presented in  Fig.  43.  If  the 
cork  be  pressed  inwards,  the 
pressure  will  be  transmitted  to 
the  molecules  in  contact  with 
it;  these  molecules  will  in  their 
turn  press  upon  the  neighbor- 
ing ones,  and  so  on  until  the 
pressure  is  finally  transmitted 
to  every  point  of  the  interior 
surface  of  the  bottle. 

It  is  shown  by  experiment 
that  the  pressure  thus  trans- 
mitted is  equal  to  that  applied 
to  the  cork;  that  is,  the  pres- 
sure upon  each  square  inch  of 


Tblrd  property?   lOugtraU,    ( 10.)  'WYiat  \a  t\i©  Yt\uc\^\ 
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ftiie  interior  stirfiice  of  the  vessel  is  equal  to  that  m>on  a" 
t|u^e  incfi  of  the  cork.     The  pressure  is  everywhere  per- 

^fldicdar  to  the  sui-face,  as  shown  by  the  arrow-heads, 

Tim  piinciple  is  called  the  Principle  of  Pascal^  because 
Jt  was  first  demonstrated  by  Blaise  Pascai.  in  the  seven- 
teenth century.  Upon  It  depends  the  whole  theory  of  Hy- 
droataties, 

PreBpnre  due  to  the  Weight  of  liquids* 

71,    If  a  cylindrical  vessel  is  filled  with  a  heavy  liqr 
its  weight  produces  a  pressor e  upon  the  Myalls  of  the  vesseh  J 
If  we  suppose  the  liquid  divided  into  horizontal  layers  of  ^M 
equal  thickness,  it  is  plain   that  the  second  layer  from  the       i 
top  supports  a  pressure   equal  to  the  weight  of  the  first, 
the  third  layer  supports  a  pressure  equal  to  the  weight  of 
the  second  and  first,  and  so  on  to  the  bottom.     Hence,  the 
pressure  upon  any  layer  is  proportional  to  its  depth  bdow       i 
the  upper  surface^  and  is  equal  to  the  weight  of  the  column  fl 
of  fluid  above  it*  ^^ 

In  consequence  of  the  principle  of  Pascal,  this  pressure  is 
transmitted  laterally,  and  acta  against  the  sides  of  the  vessel 
with  an  equal  intensity.  Hence,  ei'ery  part  of  the  surface 
is  pressed  with  a  force  equal  to  the  \might  of  a  column 
of  liquid  whose  base  is  the  surface  pre^sedy  and  whose 
eight  is  equal  to  the  distance  from  that  surface  to  the 
\^]f^f)er  level  of  the  fluid. 

The  same  principle  holds,  whatever  may  be  the  form  of 
Ihe  vessel. 


Why 90  called?    Bow  lllostratedf    ill.)  Wliat  is  Uie  tneiiffQTfi  af  tbe  (jrefi8DT« 

r  faorizoDtnl   Uyor  of  a  llqtiid?    How  &h(twnf    How  la  H  transmitted?    Wlist 

ar«  iA  exerted  on  tbc  surface  of  a  containing  ?«imIT 
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79*  The  fact  that  liquids  exert  lateral  pressures  up 
ihii  walls  of  ve^selB,  is  demonstrated  by  means  of  lb* 
reactioti  wheel  Tliis  wheel  ia  shown  in  Fig,  44  ;  it  consisU^ 
of  a  vertical  cylindrical 
tiibo  (.\  tuniing  freely 
in  II  rinnf,  ??,  near  its  np- 
per  extremity,  and  rest- 
ing ri|Km  a  pivot  at  its 
lower  extretnity.  Just 
above  the  pivot,  the 
ttilio  terminates  in  a 
cubical  box,  fi'om  the 
faces  of  which  project 
four  tuijcs,  having  their 
endrt  curved,  as  shown 
in  tlie  lijxure*  Water 
is  supplied  from  a  cis- 
tern through  the  funnel 
/A  Wlien  the  water  is 
admitted,  it  flows  down 
the  tube  C\  and  escap- 
ing til  rough  the  curved 
tubes  at  the  l>ottom,  the 
wheel  is  turned  in  the 
directiori  indicsited  by 
tije  arrow4iead. 


Th©  reaBon  of  this  will  yig.  44^ 

l:»i  plain  from  a  roTJsiderA- 

lioii  of  the  small   flguro  ah,  which  is  a  plan  of  two  of  the 
The  weight  of  the  water  causes  a  pressure  apon  A.  which 


1 

le  tuoS 

ich^  wJ 
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closed,  would  be  exactly  counterbalanced  by  the  pressure  upon 
it;  bat  a  being  opeti,  rhe  pressure  upon  A  is  not  ootinterbalanced, 
but  nets  from  a  towards  A^  producing  rotary  molion.  The  preeaures 
in  all  of  the  tubes  conspire  to  produce  rotation  in  the  same  direction. 
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PreHOzo  upwardi. 


73.    That  Eqiiids  exert  a  pressure  upwards  is  demon* 
St  rated  by  means  of  the  apparatus   shown  in  Fig.  45.     It 

Knsists  of  a  tube  of  glass, 
th  a  movable  disk,  a, 
ground  eo  as  to  lit  the  bot- 
tom of  the  tube.  The  disk 
being  held  closely  against 
the  tube  by  a  string,  ^,  the 
whole  is  plunged  into  a  ves- 
sel of  ^vater*  In  thin  Btate, 
the  dink,  though  hea\ier 
^lian  water,  does  not  fall  to 
HIU  bottom,  showing  that  it 
held  in  filace  by  an  up- 
rard  pressure.  If  water 
^w  be  poured  into  the 
fnbe  in  a  gentle  stream, 
the  disk  will  adhere  till  the  latter  h  fil!ed  to  the  level  of 
the  fluid  on  the  outside.  This  shows  that  the  upward 
pressure  is  equal  to  the  weight  of  a  column  of  water  whose 
l>a8e  is  that  of  tlie  tube,  raid  \\  hose  altitude  is  it8  distance 
below  the  tipper  surface  of  the  fluid, 

kThe  upward  pressure  of  ffiiids  ia  culled  their  Buoyant  Effort.     It 
in  consequence  of  their  buoyant  effort  that  fluids  sustain  lighter 
bodies  on  their  surfaces.     The  same  principle  causes  fluids  to  buoy 
bodies  of  all  kindn,  dimitiiBlaiig   the  weight  of  heav>'  ones,  and 
WFing  light  ones  tu  fimii. 


IS 


tub 
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Praftiore  on  the  Bottom  of  a  Vessel  independeat  of  its^ 

74*  The  preasure  on  the  bottom  of  a  vessel, 
from  the  weiglit  of  a  liquid,  is  entirely  independent  of  the 
shape  of  the  vessel,  as  well  as  of  the  quantity  of  liquJtJ 
which  it  contains.  It  depends  only  on  the  size  of  the  snj> 
luce  pressed,  and  its  distance  below  the  upper  surtace  of  tb 
liquid.  ^M 

This  principle  may  be  demonstrated  by  means  of  an  appanttiH; 
ehown  in  Fig,  46.  T lie  apparatus  consists  of  a  tube,  o,  firmly  at- 
tached to  the  cover  of  a  glasu?  vessel,  P.  By  means  of  a  screw  joiut, 
difibrent  ehapcd  vessels,  J,  B^  C^  may  be  attached  to  the  ixpper  eiid 


>^'^^^~-^ 


^ 


Fig.4d 

of  the  tube,     A  disk,  i,  of  ground  glass  is  held  in  contact  witUf 
lower  end  of  the  tube  by  a  string,  which  is  secured  at  its  > 
extremity  lo  an  arm  of  a  balance. 

The  vessel,  ^4,  is  screwed  on.  and   filled  with  water   until  the 
downward  pressure  exactly  counterpoises   a   given  weight   in  the 


"TOwgyft  nn  thn  bottoiii  of  a  vessel  depend  upon  the  ebiipe  «fj 
t  f    Eaeptain  ike  es^perimeni  in  dHaii. 
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sale-pan,  Ji,  when  tiie  upper  BDzfkse  of  t£e  vii^r  »  uanasi  17  » 

■tiding  bemd,   fi.      The  other   itaatla,   B  lad  C   ftnt  Bi»sKT«f 

screwed  on.  and  filled  with  water  up  to 

the  level,  n ;  if  an  j  more  water  b  pocred  * 

into  either,  the  do w maud  ] 

comes  the  weight,  J^  and  the 

capes  into  the  Tessei,  P. 

ThiB  princ^le  of  ureaBiire  cai  &e 
iK)tfcom  ofTCflBeliMaometiBiei  eilled 
the  Ifydrodatic  Farmioz.  It  it  so 
called,  beemae  the  Mine  jiii— iii; 
may  be  obtained  bj  iiaiiig  renr  dH- 
ferentqnantitiflBaf  iheMtteBqaid, 


7^  The  toBawTDg 
Bade  by  Pascal,  in  I6i7.  He  fined  into 
the  upper  head  of  a  itroi^  CMk  a  Ute  gf 
small  diameter  and  about  ilurtj4cnr  fest 
in  length,  as  shown  in  Tig,  4Z.  1^ 
cask  being  filled  with  water,  he  anceeeded 
in  bursting  it  by  pouring  a  wwniMJiimj' 
^mall  quantity  of 
Intbia  caae  the 
was  the  ame  m  tfaou^  tfaa  labe  Imi 

dKCMlLorei 


r*fc 


7^:  The  principle  of  equal  pr»*=s7re»  fca*  V»*«i  itf^^3^  >-. 
the  ooDStmedon  of  a  pre»,  by  n^fAZA  of  wxvi.  ;k  vt/jta  ,v^-- 
may  exert  an  enormous  power.  TT-i*  pr*«  i»  •^xnrs.  ii  ^t. 
spectire  in  Fl^.  4*:,  and  in  seedcA  in  Fijf-  4Sp,  v>^  >«/^?^  '..% 
kKrth  figures  oorre^ionding  to  ti*e  «an*  f^tft.*. 
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I  H)iiseijuenc<5  of  llie  principle  of  e^ual  pressurtSy  the  force  applied 
^  Ihe  piston,  d,  h  transmitted  through  the  tube,  t/,  and  is  finally 
■lertfld  upwards  against  the  pi^ston^  C,  ila  effect  being  multiplied  by 
J*.e  number  of  timea  that  the  Becimn  of  iho  pi^ston^  C\  ib  greater  than 
tiat  of  the  piston,  a.  For  example,  if  the  section  of  C  i;*  1 50  times  as 
neat  as  that  of  a.  every  pound  of  pressure  on  the  JaLtcr  will  produce 
50  lbs,  of  pres«;ure  on  (he  former.  This  effect  is  further  multiplied 
■  meaua  of  the  lever,  0.  Tiie  pressure  exerted  upon  C,  forces  up  the 
atforni,  K,  with  an  energy  that  may  be  utilized  in  compressing  any 
Itetance  pi  need  between  it  and  the  tq>  of  the  press,  MiVl  Tldi 
ftTird  pressure  may  also  be  uaeil  for  raising  heavy  weights. 


fft:^* 
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Fig;  48. 

aiying  the  relative  dimenBions  of  the  parts  of  the  machine,  an 
pe  power  may  be  exerted.     In  the  arts,  presses  of  this  kind  are 
ncted   capable  of  exerting   a  force   of  more  than  a  hundred 
tsand  pounds. 

he  hydraulic  press  is  used  in  compressing  seeds  to  ohtain  oils,  in 
tins  ha3%  cotton,  and  other  soods  for  abipment,  in  pressing  books 
hinder,  and  in  a  great  variety  of  other  operations.  The 
sc  tubular  bridge  over  the  Menai  Straits  was  raised  from  the 
bf  the  water  to  the  lop  of  the  piers  by  means  of  presses  of  thj» 


J1lfM<mf#  it*  pmt^r  by  an  fsrampl6,    Wluti  are  <t«  uiMf 
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deftcription.     The  hydraulic  press  was  also  used  in  launching 
Great  Eautern^  Ihe  heaviest  movable  structure  ever  constructeii  I 
man, 

fl.^EQDlLIBRtUll     OF     LIQITIDB 

Oonditiaiui  of  Equilibriiiiii. 

I'T,     A  solid  body  is  in  equilibrium  wheu  its  centre  ot 

gravity  is  supported,  lieca-use  the  paiticles  of  tbe  body  are 
lield  together  by  cohesion.  In  Hquids  the  particles  do  not 
cohere,  an<l  unless  restniieed  they  would  How  away  and 
spread  out  indefinitely.  A  liquid  can  be  in  equilibrium  only 
when  restrained  by  a  vessel,  or  something  equivalent.  Fur- 
thermore, each  particle  must  be  equally  pressed  in  all  direc- 
tions, which  reqiures  that  the  free  surface  should  he  lev€ 
that  is,  evciy  where  perpendicular  to  the  force  of  gravity. 

In  saying  that  the  free  surface  must  be  level,  we  suppose  that  the 
liquid  i^  act^id  upon  only  by  the  force  of  gravity,  which  is  the  ordi- 
nary case.  Ifj  however,  it  is  acted  npon  by  other  forces,  the  free 
iurfacc  raust,  at  every  point,  be  perpendicular  to  the  renuUant  of  all 
tlie^  forces  acting  at  that  point ;  for  if  it  were  not  so,  this  resultant 
miixlit  be  resclved  into  two  componontRj  one  perpendicular  lo  the 
surface,  and  the  other  parallel  to  it.  The  former  would  be  resisted 
by  the  reaction  of  the  liquid,  and  the  latter,  being  uncompensated, 
would  produce  motion,  which  ia  contrary  to  the  hypothesis  of 
equilibrium. 

Xievel  Bi^aoe. 

IS.  The  surfiice  of  a  liquid  is  level  when  it  is  every- 
where perpendicular  to  the  direction  of  gravity.  Small 
level  surfaces  coincide  sensibly  inth  horizontal  planes. 
Large  level  suifaees  arc  cnrved  so  as  to  conform  to  tbe 
general  form  of  the  earth's  stirface.  That  the  surface  of  the 
ocean  is  curved  is  shown  by  the  phenomena  presented  by  a 


(Urn)  Espkfn  the  difTorciica  bctTfeori  cQullibdnin  nf  gollde  &i\'\  II q olds.    When  ii 
ft  Wqnhl  Jn  eqfimhriam  f    JTow  w  iht  upp^r  mrfart  ir>h*tv  otK«r  ftirr**  Uuin  (fm^f^ 
treff    WAyf   (  fg,)  What  h  A  level  flmface  t    "SatTOiTft  oT  n.  fcmiaN\\%^%\  wriuc^i    ^ 
«  hrs:&r  one  f    I!!ii9trAt& 
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ilijp  riewed  from  the  shore,  as  exhibited  in  Fig,  50.  As  tho 
visseJ  recedes,  we  fii-st  lose  sight  of  her  hull,  then  her 
juwer  sails  disappear,  then  her  higher  sails,  until  at  last  the 
entire  vessel  is  lost  to  view. 


4 


^  Fig.  50. 

H  In  defining  a  level  gurface,  wc  said  that  H  h  everywhere  per- 
^pietidicular  to  the  direction  of  gravity  ;  more  RtricUy  speaking,  it  ia 
^Ricrpendicular  to  the  resultant  of  gravity  and  the  cojitrifugal  force  due 
Bto  the  carth^s  rotation  on  its  axis  Were  it  not  for  the  ceiitrifwgaJ 
force,  the  surface  of  the  ocean  would  be  perfeclly  Bphericalj  but  in 
.4sonsequence  of  that  force,  it  is  ellipsoidal  ;  that  h.  the  oceans  are 
felevated  about  the  equafor  and  depressed  about  llie  poles. 

The  general  level  of  rhe  ocesn  is  ealled  the  true  hve!  j  a  honzon- 
[lal  plane  at  any  point  is  called  (he  apparent  level. 

Equil£brium  of  Liquids  in   Oomxaunicating  Vessela. 

TO,     WTien  a  liquid  is  contnincd  in  vessels  ^vhidi  am- 
itinicate  %rith  each  other,  it  will  be  in   equilibrium  if  Uv 


f  ej^ri  offA4i  esHtfifftifftf  Jbrce  on  (k0  Jferm  of  a  l«f)«l  «ur/acft,    WWV 
//  ^m  appar0fii  h*€ff  f    (  79 .)  What  pie  ttie  condV^oTka  of  e«^w\\i\Mi* 


Fig.  SI. 


into  out*  of  the  branches  and  allowed  to  come  to  rest,  it  will  be  seen 
that  its  upper  surface  in  all  of  the  vessela  is  in  the  same  horizontal 
plane.  The  reason  oF  tliis  is^  obviously,  a  necessary  consequence  of 
tlic  principle  of  equal  pressure?. 

Case  of  Teasels  containing   Xjiquids  oE  diHerdnt  DaosiUes. 

§0,  When  liquids  of  different  densities  five  contained  in 
conimniucating  veswels,  they  will  be  in  equilibrium  when  th^ 
hi'iglits  of  the  columns  are  inversely  as  their  densities,       ^M 

Tlii.^  prhidple  U  demonstrated  by  means  of  an  apparatus  shown^P 
Fia.  52,     The  appanitu^i  consists  of  two  glas><  tubes.  A  and  B,  open 


f  of  liquids  0/  d/flbren  t  cfuuaf  tlet  t     /Ttrt^  i»  thU  d*m<m«tral««i  f 


EQUII.IBBICU   OF  UfJDIDS. 
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Uip)  aod  com  mo  meat  iog  at  bottom  by  a  smaller  tube.  If  a 
Buanlity  of  mercury  be  poured  into  one  of  tbo  tubefi,  it  will  oornc  to 
t  level  m  both  lubes,  Qccording  to  the  principle  eiplainei!  m  tbe 
freceding  article.  It  a  quantity  of  water  be  poured  into  the  tube  y(, 
1  level  of  Ike  mercury  iu  tbat  tube  will  be  depressed,  w  bilst  it  wiU 
elevated  in  the  tube  B,  The  difrerence  of  level,  </r,  can  he 
Seicrmined  by  the  graduated  scales  on  the  tube*.  It  vill  be  found 
hj  measurementj  that  the  column  of  \Yaten  ab,  is^  13.6  limes  as  Jji^li 
Qs  the  column  of  mercury,  dc.  which  it  supports.  It  will  be  i^howji 
Ijereafier,  that  mercury  is  13.6  times  as  dense  as  water;  hence  the 
principle  is  proved.  Other  liquids  may  be  employed  wilJi  utmilar 
alts. 


Bquilibrium  of  Heterogeneoui   LiqnidB. 

81,     If  liquids  of  tlifferent  densities,  bnt  which  do  nnt 
X,  be  poured  into  a  vessel,  they  will  aTraivgii  iWto^s^n^^ 


CSI,)  What  nt^  the  condlticBi  of  c^iilItbriQCQ  of  lieteto^t"wetiM4\\«\!!AAftt 
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in  the  order  of  theii*  densities,  the  lieaviest  being  at 
bottom,  ainl  the  upper  surlkoe  of 
t!aeh  will  be  horizontal. 

ThiH  is  siiowu  by  a  vial,  Fig.  53, 
cuntauiiiig  liquids  oi  diflbrent  densities, 
as  mercury,  waler,  and  oil.  U  the  vial 
be  frbakcn,  the  liquids  appear  to  mix, 
Ijul  if  allowed  to  Rtatid,  tlicy  arrauge 
theraseives  in  horizonUil  layers,  the 
doiischi  liquid  at  the  boKom. 

The  vial  in  the  figure  )s  reprejjented 
u  eontaitiing  four  Hqaids.  It  was 
formerly  called  the  vial  oj  four  ele- 
mmts. 

It  h  in  accordance  with  this  princi- 
pla  that  cream  rises  on  milk^  and  oil 
tin  water.  The  principle  is  often 
employed  to  fieparal©  liquids  of  dif- 
ferent density  by  the  process  of  decant-  Fi«  ca 
ing. 
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III. — APPLlCATtO«9     OK    TWK     PRINCIPLK    OF    £Qt7tLlBRlC1l. 

The  Water  LeveL 


tga,    A  Wateu  IjEvel  is   an   iustrmoeiit   employed   for 
determining  the  difference  of  level  between  two  points 
consists  of  a  horizontal  tube  of  tin,  2i  or  3  feet  in  length 

tin  to  the  extremities  of  whicli  two  glass  tubes  are  insevtei 
perpendicular  to  it.  The  whole  rests  upon  ii  ihree-legg 
support,  railed  a  iviptMly  as  shown  in  Fig.  54.  A  quantity 
of  water  tinged  with  carmine  or  other  coloring  matter  is 
introduced  into  one  of  the  glass  tubes,  which,  Howing 
through  the  horizontal  tubct  rises  to  the  same  level  in 
the  other.     A  visual  ray  directed  along  the  Burfaces  of  the 


3 
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Bout  thmxm  f    ( 82.)  What  U  a  Water  L©v«lT  I>eMrlbe  It  imd  lt»  qm. 
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water  in  the  two  glass  tubes  will  be  a  hoHzontul  lino,  or  a 
lint  of  apparent  level.  The  use  of  the  inatnimeut  is  evident 
from  the  figure. 


4 


■  HS*  The  S»»iRrr  Ijetel  consists  of  a  tube  of  glass  nearly 
"  fiDeil  with  nlcohol,  and  closed  at  its  two  extremhit's.  The 
tube  is  slightly  curved,  and  when  placed  horizontally,  the 


The  Spirit  Lsvel. 
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bubble  of  air  which  it  contaius  rises  to   the  middle  of  the 
I  upper  side  of  the  tube*     If  either  en<l  he  depressed,  the  < 


(83.)  BMcrlbe  »  Spirit Lerel.    How  mdfunie&l 
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When  used  it  is  onli- 


88 


bubble  runs  towards  the  other  end, 
narily  mounted  in  a  wooden  case. 

This  form  of  levtl  is  much  u»ed  by  masons,  cMirpenters,  and  oihe^ 
urticans.  To  ascertain  whether  a  surfjicc  is  level,  the  inBtrumenlift 
laid  upon  it,  and  the  pom  lion  of  the  biihblo  noticed.  If  the  bubble  \^ 
m  ihc  middle  of  the  tubc^  th<5  surface  is  loveL 

This  form  of  level  is  also  tttiached  to  many  kinds  of  eurveying  and 
8Fti-onomicdl  instruments. 


Spiinp.  —  Foimtaini.  —  Riven. 


84 »     It  is  the  principle  of  CM^ual  pressures  that  caus 
water  to  rise  in  springs  imd  fountains.     The  water  which 
feeds  tln?m  is    rontaiiiod  in  nattiral  or  artiliria!  reservoir 
higher  than  the  spriui^  or  fountain,     Tliese  reservoira  cor 
niiuncate  with  the  sprinijfHi  or  fountains  by  natural  or  arti- 
ficial eliauiielt*,   and   the    pressure   of  the   water  in   them 
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causes  that  in  the  spring  or  fountain  to  boil  up,  or  sometimes 
to  shoot  up  in  a  jet. 

Fig.  56  represents  a  fountain  called  a  jet  d'eau.  The  resenroir  is 
on  the  hill  to  the  left,  and  the  water  reaches  the  bottom  of  the  basin 
by  a  pipe  represented  by  dotted  lines. 

The  water  of  the  jet  tends  to  rise  to  the  level  of  that  in  the  reser- 
voir, and  would  do  so  were  it  not  for  the  resistance  of  the  air,  the 
friction  of  the  water  against  the  pipe,  and  the  resistance  offered  by 
the  falling  particles,  all  of  which  combine  to  render  the  jet  lower 
than  the  fountain-head. 

The  same  principle  determines  the  flow  of  streams  from  the  higher 
to  the  lower  grounds.  The  water  of  lakes,  seas,  and  oceans  is  con- 
tinually evaporating  to  form  vapors  and  clouds.  These  are  condensed 
in  the  form  of  rain,  and  the  particles  of  water,  urged  by  their  own 
%\eight,  seek  a  lower  level.  The  rivulets  gather  to  form  brooks,  and 
these  unite  to  form  rivers,  by  which  the  water  is  once  more  returned 
to  the  oceans  and  lakes  All  of  the  water  does  not  flow  back  to  the 
ocean  alotag  the  surface,  but  a  portion  percolates  through  the  porous 
soils  and  accumulates  in  cavities  to  feed  our  springs  and  wells. 


Artenan  Wells. 

S5.  Aetestan  Wells  are  deep  wells,  formed  by  boring 
through  rocks  and  strata  of  various  kinds  of  earth  to  reach 
a  supply  of  water.  These  wells  are  named  from  the  province 
of  Artois,  in  France,  where  they  were  first  used. 

Fig.  57  illustrates  the  principle  of  these  wells.  H  is  the  natural 
surface  of  the  earth.  AB  and  CD  are  curved  strata  of  clay  or 
rock  which  do  not  allow  of  the  percolation  of  water.  KK  is  an 
intermediate  stratum  of  sand  or  gravel,  which  permits  water  to 
penetrate  it.  When  a  hole.  /,  is  bored  down  to  strike  the  water- 
bearing stratum,  KK,  the  pressure  of  the  water  in  the  stratum  forces 
:t  up  in  a  iet.     The  well  of  Grenelle,  in  Paris,  is  neariy  1800  feet 


Brplain  ths  jet  eTsan  f  What  oauMH  ths  flato  of  streams  t  H&uo  are  they  fed  f 
(85.)  What  are  Artesian  Wells?  Eaoplain  their  aistionf  IToto  deep  is  tiiat  at 
Paris? 
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deep,  and  ib  fed  by  walcr  com  in?  from  Uic  hills  of  Charnpasnc,  winch 
are  much  higher  thati  Paris.     Tlje  supply  of  water  from  this  welt  >» 
immense. 
Many  Arti3sian  wdb  have  boco  sunk  in  our  own  country. 
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17.  -^PRESSURE      UN      eUBMSHOED      BODIES. 


Principle  of  Archlmedea* 

S(;.     If  n,  body  is  submerged  in  a  tliiid^  it  will  be  pre! 
in  all  directions,  but  not  equally. 

To  illustrate,  suppose  a  cube 
immeraed  in  water,  as  sliown  m 
Fig.  58,  The  lateral  faces,  a  and 
6f  will  be  equally  pressed  and  in 
opposite  directioofl.  The  same  will 
be  trae  for  the  other  lateral  faces. 
Hciicej  the  horizontal  pressures  will 
exactly  neutralize  each  other.  The 
upper  and  lower  faces,  c  and  d^  will 
he  unequally  pree?edj  and  in  oppo- 
site   directions.      The   facCj   c,  will 


(86,)  Are  BubmeT;ged  bodlea  preased  equally  tn  all  clfmetlons? 
-ietaU. 
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I  upwards  by  a  force  equal  to  tlie  wel^bt  of  a  csoluran  of 
quid  who»e  ofFoes-seciion  is  that  of  the  cabi!}  and  wbose  lieighf 
^distance  of  c  from  the  surfaoo  of  the  fluid.  The  face,  tl^  wijl 
dowTiwarrlB  by  the  weight  of  a  column  of  the  liquid, 
!  the  same  cross-section  as  the  cube,  and  a  height  equal  to 
iet^uce  of  d  from  the  surface  of  the  Hqui<J  ;  Ihe  rcsuUatit  of 
hwo  prcFsures  is  an  upward  force,  eqiiiv^alent  lo  the  weijibt  of 
lame  of  the  liquid  equal  to  that  c^f  tlie  cube.  Thin  upward 
ftre  is  tho  buoyant  effort  of  the  fluid. 

1©  principle  just  explained  is  called  the  Principle  of 
Um^des,  It  may  be  ex]>ressed  by  saying  that,  a  sub- 
fed  body  loses  a  portion  of  its  weight  eqttal  to  that  of 
a^cedjluid, 

f  Bydrostatic  Balance, 

jf,  A  Hydrostatic  Baulnce  is  a  balance  having  a 
i  attached  to  the  lower  face  of  cacli  scale  pan,  and  so 
ftructed  that  the  beam  may  be  raised  or  lowered  at 
tare. 

f.  59  represents  a  hydrostatic  balauce,  Tlic  cylinder,  c^  m  sol  id ^ 
hied  to  slide  up  and  down  in  the  hollow  cylinder,  d.  The 
ler,  c.  may  be  confined  in  any  poaitiou  by  means  of  a  damp 

A. 

Cylinder  and  Bucket  B^^eriment* 

The  principle  of  AitcmirEDES  may  be  illustrated  by 
is  called  the  Cylinder  and  JJacket  Experiments  as 
n  in  Fig.  59.  A  hi^Iow  eyliuder  or  bucket,  ^,  of 
,  is  attached  to  the  hook  of  one  of  the  scale  pans,  and 
it  is  suspended  a  solid  cylinder  of  brass,  just  large 
B^h  to  fill  the  bucket,  and  the  two  are  balitnced  by 
hts  placed  in  the  opposite  scale  pan.     A  glass  vessel 


idBle  the  prlndple  of  AitcitmitTJiw     ( 87-1  What  ts  n  H^di^tAtJc  B^laneeT 
f»  U»  contirucHm    (38)  Exphln  tijo  Cyl  I  nd«  t  and  Bucltct  E.xp«x\ineTA. 


bnnjed  up  "by  some  force.     If  we  now  fill  the  bucket,  i 
witli  water,  the  eqiiililinum  \rill  be  restored,  and  the  bean 
will  cotiie  to  a  leve!.      Because  the  water  poured  into  Ih^ 
bucket  is  equal  to  that  displaced   hy  the   cylinder,  we  infea 
that  the  bunyjiut  effort  is  exactly  equal   to  the  weight 
the  diHfjlaced  fluid, 

Tho  priticiplc  of  Archimedes  is*  fo  called,   because  it  was  fir 
discovered  by  Ujr  iltuslrious  pbilo&opher  of  that  name.     Ho  wa» 
lo  the  discovery  in  an  attempt  lo  detect  a  fraud,  perpetrated 
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*  Syracuse,  by  a  goldsmith,  who  had  been  employed  to  make 
^  ^town.  The  artisittTi  miied  a  portion  of  silver  with  th« 
•^  ^48  given  him  for  making  the  crown,  but  by  meaiiB  of  the 
P'fl  above  explained,  ARCHiMEDEa  was  able  to  determine  the 
*^oiint  of  each  material  employed. 

Floating  BodieB,— Pzinoiplea   of  Flotation. 

When  a  botly  is  plunged  into  a  li<|tiid,  it  h  urged 
fard  hj  its  proper  weight,  and  upward  by  the  buoyant 
)f the  liquid,  and,  according  to  the  relative  ititeiisities 

e  two  forces,  three  cases  may  arise ; 

p 

'  the  density  of  the  immersed  body  is  the  same  as 
'  the  liquid,  its  weight  will  he  eqiml  to  the  buoyant 
f  the  liquid,  and  it  will  remain  in  equilibrium  wher- 
may  be  placed.  This  is  practically  the  case  wnth 
They  maintain  themselves  in  any  position  in  wliich 
ty  happen  to  be,  without  effort. 

the  density  of  the  body  is  greater  than  that  of  the 
ts  weight  will  be  greater  than  the  buoyant  efftirt, 
\  body  will  sink  to  the  bottom.  This  is  wluit  hap- 
ten a  stone  or  piece  of  iron  is  thrown  into  water. 

the  density  of  the  body  h  less  than  that  of  the  liquid, 
Jit  will  be  less  than  the  buoyant  eflfort,  and  the  body 
B  to  the  surface.  The  body  will  continue  to  rise 
e  weight  of  the  displaced  liquid  equals  that  of  the 
rhen  it  will  come  to  rest.  It  is  then  said  to  float, 
piece  of  wood  floats  upon  water,  and  in  like" manner 
of  iron  floats  upon  mercury. 

1  a  floating  body  comes  to  rest  on  a  liquid,  the 
'  the  upper  surface  of  the  liquid  is  called  the  Plane 
atio  Ji. 


tMfi  m0ih0d  o/4it  d49e&f!0ry,    <  fi  ft. )  When  e  body  \»  V^utlic^  Vntft  ^WqcaJA. 
«AMw  imyMriae?    ^xp\tk\a  the  flrst  ^ae.    T\ie  w^joiiii  isaaft.   t^^^M^^ 
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It  sometimeB  happens  that  a  body  which  is  more  dense  than  a 
liquid  floats  upon  it.  Thus,  a  porcelain  eauoer  floats  upon  water. 
This  arises  from  its  form  heing  such^  that  it  displaces  its  own  weight 
of  water,  when  only  partially  immersed.  For  the  same  reason  iron 
ehips  float  freely  on  the  ocean. 


BlusteatiDn  of  the  Principles  of  Flotatioti* 

f>0.     The  principles  of  flotation  may  be  illustrated  by  an  insti 
meiit  shown  in  Fig,  60,  which  under  variona  forms  is  sold  in  the 
shops  as  a  child '«  toy. 

[n  the  form  shown,  it  eonsists  of 
a  high  and  narrow  glass  vessel,  sur- 
monnted  by  a  hraas  cylinder,  A.  m 
which  is  an  air-tight  piston  that 
may  be  raised  or  depressed  by  the 
hand.  The  vessel  is  partially  filled 
with  water,  and  contains  a  light 
body,  as  a  fish,  hollow  and  of  porce* 
lain  or  glass.  The  fish  is  attached  to 
a  sphere  of  glass,  m,  tilled  with  air, 
and  with  a  small  hole^  o.  at  its 
lower  side,  throngh  which  water 
can  flow  in  or  out,  as  the  pressure 
is  increased  or  diminished. 

Under  ordinarj'  ciicnnistances  the 
sphere,  m,  with  ils  attached  iish, 
floats  at  the  surface  of  the  water. 
If  the  piston  is  depressed,  the  air 
beneath  it  is  compressed,  and  acting 
upon  the  water  forces  a  portion  of 

into  the  globe.  The  apparatus 
then  becomes  more  dense  than  the 
water,  and  sinks.  By  relieving  the 
pressure,  the  air  in  the  globe  expands  and  drives  the  water  out, 
when  it  again  floats  on  the  surface.  The  experiment  may  be  re- 
peated at  pletisare. 


Fig.  60 


Sxpiain  the  c€ut  of  a  dtnte  body  Jioating on  a  iiguid.    {90}  What  i 
Uluitratu  the  laws  ofJtokUitm  f   ExptaUi  Us  wt  an^  acUon. 
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PSESSUBB  ON  SUBMBRGED  BOniES. 


Swimming  Bladder  of  Fishei. 

91.  In  many  fishes  there  is  ii  bliuUkn*  filled  with  air, 
mtuuted  tlirectly  under  the  backbone.  Tiiis  is  called  the 
Sicimming  Ula cider* 

When  the  fish  wishes  to  descend,  it  compregses  this  hlad^er  by  il 
muscular  efforl ,  and  then,  as  Ihe  quantity  of  water  dbplaeed  i»  Jehs 
tban  before,  the  weight  of  the  fish  prevails  over  the  byoranr  efJiort, 
ind  the  fish  sinks.  On  relaxing  the  eflbrt,  the  bladder  expands^  the 
li^oyant  eflbrt  of  the  water  prevaila  over  ihe  weight  of  the  fish,  and 
h  riles. 


92,     The  human  body  is  Hghter  ttjan  water,  especially  than  the 

salt  water  of  the  ocean,  and  tends  naturally  to  float  when  immersed. 

The  only  reason  why  men  do  not  swim   naturally,  is  tlje  difficulty 

I  of  keeping  the  head  out  of  water,  so  as  to  be  able  to  breathe,     The 

head  is  the  heaviest  part  of  the  body,  and  tends  continually  to  sink 

[into  the  water. 

Many  quadrupeds  swim  nalurally,  because  the  head  is  small  in 
I  proportion  to  the  body^  and  is  so  placed  upon  the  trunkj  that  it  is 
leasy  to  keep  it  above  the  surface. 

The  fiafcst  position  for  a  person  in  the  water,  who  does  not  know 


(91.1  WhAt  Ih  the  Swimming  Blmider  at  a.  fish  f 

J  phinotmnon  of»wlmmli\g.     Why  ( 

V^  a<tjh«i  poHHon  in  th4  waUrf 


EttpltdnU*a4*Uon,    (92.)  iS^ 
;  gucKlmp^ds  9tttm  naittraiiv  f 
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how  to  swim,  is  upon  the  back.  The  tendency  to  raise  the  arms  out 
of  the  water  should  be  resisted;  as  this  diminishes  the  buoyant  effort 
of  the  fluid  without  diminishing  the  weight. 

In  learning  to  swim,  it  is  often  the  custom  to  place  bladders  filled 
with  air,  or  blocks  of  cork,  under  the  arms,  as  shown  in  Fig.  61. 
These  act  to  increase  the  buoyant  effort  of  the  fluid,  without  sen- 
sibly increasing  the  weight.  It  is  on  this  principle  that  life- 
preservers  are  constructed. 

Many  kinds  of  birds,  as  ducks,  geese,  swans,  and  the  like,  swim 
naturally  and  without  effort.  They  owe  this  faculty  to  a  thick 
layer  of  down  and  feathers  which  are  very  light  and  impermeable 
by  wa  er.  They,  therefore,  displace  a  large  volume  of  water  in 
proportion  to  their  weight,  giving  rise  to  a  strong  buoyant  effort. 


FIC      ORAVITT      OF      BODIES. 

Definition  of  4>eoifio  Oiavity. 

/ 
93,    The  SFBcmc  Gbavitt  of  a  body  is  its  relative 

weight ;   that  is,  it  is  the  number  of  times  the  body  i^ 

heavier  than  an  equivalent  Yolume  of  some  other  body 

taken  as  a  standard. 

It  is  a  matter  of  daily  observation,  that  some  substances  are 
heavier  than  others  under  the  same  volume.  Thus,  gold  is  heavier 
than  silver,  lead  than  iron,  stones  than  wood,  and  so  on.  In  order 
to  compare  the  relative  weights  of  different  bodies,  all  are  referred 
to  a  common  standard. 

Distilled  water  is  generally  adopted  as  a  standard,  and  because 
water  varies  in  density  at  different  temperatures,  it  is  usual  to  take 
it  at  the  temperature  of  390.2  Fahrenheit,  water  being  most  densf 
at  that  temperature. 

In  order  to  find  the  specific  gravity  of  any  body,  all  that 
we  have  to  do  is,  to  find  how  many  times  heavier  any 

Whca  i8  the  principle  of  the  Hfe-prsserver  f  Why  do  some  hirds  mcim  natur- 
aUy  t  1 98.)  What  is  Speeiflo  Gravity  ?  lUuHrate,  What  <«  taJb&n  as  a  standard  t 
At  what  temjperaturs  t  Why  t  What  is  the  ptooNft  ot  tkm3&n«  ^•^  «0wiA&  ^e»^^ 
ofabodjrf 


k  volume  of  the  body  ia,  than  an  equivalent  volumo 
Btilled  water  at  39o.2  F.  This  is  the  method  of  fixing 
Ipeciiic  gravity  q^ solids  and  liquids;  we  shall  see  here- 
r  how  it  is  possible  to  fix  the  specific  gravity  of  gaaea 
Yapors. 


mt^K         Speoifio  Gra^ty  of  Solids. 

|»  'The  following  are  some  of  the  methods  of  determin- 
he  specific  gravities  of  solids : 

By  the  HydroatjUc  Baiance. — Place  the  body  in  one 
ke  scale  pans  and  balance  it  by  knowTi  weights  in  the 
*  pan.     These  will  give  the  weight  of  the  body  in  air. 


(?  E^Uto,  ia  det&n,  tbe  method  of  flndlnj  the  BpeoULfi  rtw\iS9  ^  \  w^\^\si 
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Next  saspend  tbe  body  in  a  vessel  of  distilled  water  i 
means  of  a  thread  or  wire  attached  to  one  of  tbe  scale  i 
08  shown  in  Fig.  62,  and  balance  it  by  weigUts  placed  in  t 
other  pan.  On  account  of  the  buoyant  effoil  of  the  wat* 
the  weight  of  the  body  in  water  will  be  less  than  that  mM 
Subtrat^t  the  weight  of  the  body  m  water  from  that  in  airJ 
«id  the  difference  will  be  the  weight  of  the  displaced  wateii I 
that  is,  the  weight  of  a  volume  of  water  eqnal  to  that  of  ikl 
body.  Having  found  the  weight  of  the  body  in  mr,  anil 
the  weight  of  an  equivalent  volume  of  water,  divide;  tbe  I 
former  by  the  latter,  and  the  result  will  be  the  speciSi 
gravity  required, 

2.  Bt/  Nieholson^s  Hydrometet. — ^Nicholson's  Hypbo] 
TKR  consists  of  a  hollow  cylinder  of  glass,  as  shown  in  Fig.  63i 
weighted  at  the  bottom  by  a  heavy  body,  df,  to  make  it  float 
erect,  and  terminating  above  by  a  thin  etem,  c,  which  stil>- 
ports  a  scale  pan,  a.  The  instrument  is  so  constructed  that 
when  a  given  weight,  say  500  grains,  is  placed  in  the  pai^i 
it  will  sink  in  ilistilled  water  to  a  notch,  c,  on  the  stem* 

TliD  method  of  tletermining  the  specific  gravity  by  means 
of  this  instrument  is  shown  in  Figs,  64  and  65,  Suppose 
it  were  required  to  determine  the  specific  gravity  of  a  Bmall 
bar  of  iron  weighing  less  than  500  grains. 

The  bar  is  i>laced  in  the  pan  and  weights  added  till  it 
sinks  to  the  notch  in  the  stem  as  shown  in  Fig.  64,  These 
weights,  subtracted  from  500  graiiisi,  give  the  weight  of  th<i 
bar  in  iur.  Next  place  the  bar  in  the  cup,  <7,  as  shown  in 
Fig,  65,  and  add  weights  enough  to  make  the  bsti-ument 
sink  again  to  the  notch  in  the  stem.  Tlie  last  weights 
will  denote  the  buoyant  eifoil  of  the  Hiiid,  or  the  weight  of 
t he  water  displaced  by  the  ban  Di\">de  tbe  weight  of  the 
bar  in  air  by  the  weight  of  the  displaced  water,  and  the 
result  mil  be  the  specific  gravity  sought. 


WhBUg  NlchQ!Bon*a  Hydrometer T    How  hbqA  tot  aci&TmVisLVKig  ^^  «9«^tu& 
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t  By  a  Jl€ush — ^This  method  ia  used  when  a  body  exists 

irt  ft  state  of  powder,  or  in  fine  partkiles  like  sand.  A  small 
flask,  whose  e^cact  weight  is  known,  is  first  filled  vnth  the 
pow'dc^r  and  the  whole  carefiilly  weighed.  Th  e  entire  weight, 
diiTiinished  by  that  of  the  flask,  is  the  weight  of  the  body. 


Fig.«a 


F%.6i 


Pig.  65. 


The  flask  is  then  filled  with  water  and  weighed.  This 
eight,  ilimimshed  by  that  of  the  flask,  is  the  weight  of  an 
'equivalent  volume  of  water.  Divide  the  weight  of  the  body 
by  that  of  its  equivalent  volume  of  water,  and  the  result  will 
be  the  specific  gravity  required. 


Specific  Gravity  of  Uiitiids. 

0^,    The  following  are  some  of  the  principal  methods  of 
letermining  the  specific  gravities  of  liquids : 

1.  Sy  the  Hydrostatic  Balance, — Select  a  heavy  body 
which  is  not  soluble  either  in  water  or  In  the  liquid  whose 


Bi|i]Afa  Um  metliod  hj  meaiu  of  a  AaaIl.    (95.)  How  la  tb«  apeelfld  gr»Hqr^ 
Hqiild  Ibi&iid  bj  iB«iiu  of  t^«  baluic«  7  "T 
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specific  gravity  is  to  be  determined,  as,  for  example, 

of  platinum.  Weigh  tliia  body  first  in  air,  then  in  water, 
and  finally  in  the  liquid  in  question.  Subtract  the  second 
find  third  weights  from  the  first  separately;  the  rcsulU 
obtained  will  he  respectively  the  weights  of  ;i  volume  of 
water,  and  of  the  liquid,  equal  to  that  of  the  platinara  ball 
Divide  the  latter  by  the  former,  and  the  quotient  will  he  tlie 
specific  gravity  required. 


2.  Sij  MihrenheiPs  Hydrometer, — Fahrenheit's  Hydko- 
Mm-ER  consists  of  a  glass  cylinder  ballasted  at  the  bottom  by 
a  small  globe  filled  with  mercury,  and  provided  at  top  with 
a  stem  and  scale  pan  as  shown  in  Fig,  66.  Its  weight  is* 
carefully  determined. 

To  use  the  hydrometer,  it  ia  first  plunged  into  distilled 
water ^  and  weights  placed  in  the  scale  pan  till  it  sinka  to  the 


Deterlbe  Fahreahfllt'i  Hj^rocneter.    Bow  U  it  used  lo  find  Uie  ipeelfle  gn^ 
Qf«  liquid  « 


Ifle  f^^fj^^ 
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on  the  stem.  These  weights,  increased  by  that 
Etment,  will  give  the  weight  of  the  displaced  water, 
nent  ia  next  plunged  itito  the  liquid  in  questioti, 
ts  are  placed  in  the  pan  till  the  instrument  again 
ae  notch.  These  weights,  added  to  that  of  the 
^  give  the  weight  of  the  displaced  liquid.  Kow 
$8  displaced  are  the  same  in  both  crises,  tach  being 
e  submerged  iustrument ;  hence,  if  we  divide  the 
the  displaced  liquid  by  that  of  the  displaced  water, 
nt  will  be  the  apecitic  gravity  required. 

Ae  Jlctsk. — ^A  flask  is  constructed  so  as  to  hold  a 

yht  of  distilled  water,  say  1000  grains.  This  flask 
ghed  when  empty,  and  then  when  filled  \^'iih  tlio 
question.  The  difference  of  these  results  is  the 
the  liquid,  and  this,  divided  by  1000  grains,  will 
cifio  gravity  required. 

Lfio  gravities  of  some  of  the  moat  tmportftut  substaiictt  are 
s  following  table  i 


Ural* 


TABLE, 

a    TUB    BPECmC    GKAVmia    of   solum    AJID    LIQirXM. 


f. 


oiled) 22.07          Morcurj tZM 

ps) 10.36          Sulphuric  Acid. .  1.84 

I ILaS           Milk 1.08 

....  10,47           Si'a  Water 1.08 

....     7,79     '      Disimed  Water 1.00 

....    0,86  Bmkanx  Wine  ........  0,09 

..,.     3.5^           Olive  Oil. 0,91 

. .  *  *    2.84  S|iirim  of  Turpentine  . . .  0.87 

....    8.S3           Ali«cjhit«  Alcoliul ...  0.7ft 

1.92  Oraiii/iiy  Etljcr. .,.,....  0.72 

n  tlint  iilntinuni  Is  tbe  lieaviest  solid,  iiiul  tlmt  nier- 
kVioat  liquid. 


L»1c 
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A  kBowledge  of  the  Rpeci^c  gravitieB  of  bodies  is  of  freqoeui 
apfiii cation.  In  mioeralosjy  it  aids  in  determining  mineral  speciei. 
The  jeweller  determines  by  m  aid  the  precwiuii  stones.  It  enables 
us  to  find  the  jijight.of  a  body  wjieti  we  know  its  volume.  Thua,  a 
cubic  foot  of  imtt-weigha  11.35  times  as  much  as  a  cubic  foot  of 
water  ;  but  a  eubic  foot  of  water  weighs  1000  ounces,  hence  a  cubfc 
foot  of  iron  w^eighs  11^350  onnces^  or  about  7 Oil  lbs. 


Beanme^s  Areometer, 


4 


96,  Beai'mI:'8  Areosikter  consists  of  a  bulb  of  glass, 
ballasted  at  bottom  by  a  second  bulb  contaioing  mercury, 
and  terminating  at  top  in  a  cylinder  of  uniform  diameter,  as 
abowii  in  Fig.  07. 

When  plunged  into  liquids,  it 
sinks  till  the  weight  of  the  dis- 
placed fluid  equals  that  of  the 
areometer.  In  light  fluids  it  there- 
fore siuke  tlecper  than  iu  heavy 
ones. 

The  plan  of  graduating  Beaume's 
areometer  is  as  follows.  It  is  bal- 
lasted so  that  in  distilled  water 
it  will  sink  to  the  point  a,  on  the 
stem,  which  k  marked  0.  A  mix* 
ture  of  salt  and  pure  water  is  then 
formed,  in  iUb  proportion  of  15  of 
the  former  to  85  of  the  lattei^  into 
which  the  iitstrument  is  jilunged. 
The  upper  suHace  then  cuts  the 
stem  at  some  point,  <?,  which  is  marked  15.  The  intermi 
diate  spac^e  between  a  and  c^  is  divided  into  15  equal  parts, 
and  the  division  is  continued  do w^n wards  on  the  stem,  Tlie 
divisions  and  numbers  are  on  a  slip  of  paper  in  the  inter 
ot^the  stem. 


Fig;  AT. 


What  are  *im*  of  the  <ippH&tti€mit  ofths  apedjta  gravi^f  qf  bodies  t  {W* 
crtbe  BBAimi's  Areoineter  T    H©w  ia  It  ^raduatod  F 


fiPKOOflC  G&AVITY. 


103 


* 


Tbe  me  of  the  instrument  tbuB  graduated  is  to  ascerUun 
be  amount  of  salt  in  any  solution  of  salt  in  water.  It  is 
f lunged  into  the  solution  in  question,  and  the  number  to 
irbich  it  sinks,  denotes  the  degree  of  saturation  of  the  sola- 

lusinimeoU  oottBtnicted  on  this  principle  hare  been  devised  for 
delt'rmifling  the  glretigLh  of  olher  FfltuUonF,  whether  of  aciilu  or 
^alC£.  Also  for  determiniBg  the  strengLh  of  saccharine  aolutionn  and 
lb  like. 

TOe  Alcoholometer. 


97,  The  Alcoholometer  is  similar  in  its  const  met  lou  to 
the  areonieter  just  described.  It  is  graduated  so  as  to  show 
^^^e  percentage  of  alcohol  in  any  mixture  of  alcohol  and 
Hater. 

The  instramcnt  is  first  ballasted  so 
that  when  plunged  in  pure  water  it  w^iU 
float  with  nearly  all  of  its  stem  above 
^be  water.  The  line  of  flotation  is 
Marked  0.  Mixtures  arc  then  formed, 
Containing  1,  2,  3,  <fcc.,  per  cent,  of  pure 
alcohol  and  wator,  and  the  instrument 
's  plunged  inl^o  them  in  succession.  The 
'iries  of  flotation  are  marked  1,  2,  3,  Ac., 
^  in  the  instrument  previously.  In  this 
Cose  the  numbei*s  run  upwards.  It  is 
necessary  to  graduate  it  throughout  by 
trial,  as  the  divisions  are  not  uniform. 

To  use  the  instrument,  it  is  plunged 
into  the  mixture  of  alcohol  and  w^ater  to  be  tested,  and  the 
per-centage  is  read  oflfon  the  paper  scale  within  the  tube,  or 
else  the  scale  is  scratched  upon  the  stem  with  a  diamond. 


t  Ig  tts  nfio ?    How  Hied  T    Wbat  ctitier  InBtmnieDli  ftro  eonfitntctod  on  tbo  jsame 
at    (97«)  Deftoritwtbtt  AJcofaolometar.    How  la  It  ^nkdu&todt    Uti'tvaum^I 
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Tbe  linotometer. 

98.    The  Lactomsteb  is  entirely  analagons  m  prm(3ple 
lo  Beaumb's  areometer,  aud  is  used  to  determine  the  purity 
of  milk.  The  instrument,  and 
the  method  of  using  it,  are 
shown  in  Fig.  69. 

It  is  graduated  by  trial, 
using  mixtures  of  milk  and 
water.  In  the  first  trial  pure 
water  is  used,  then  mixtures 
containing  10,  20,  30,  40,  4;c., 
per  cent,  of  milk.    The  scale 

is  therefore  divided  into  10  parts,  between  pure  water  \ 
pure  milk. 


fis.«. 


(98«)  What  is  a  Lactometorf   How  gndoated  and  i 


CHAPTEE    m. 

MECHAVI08      OF      OA8ES      AHD      VAPOSS. 


I. — THS    ▲TM08FHKRK. 


OiMiral  Piopartieg  of  Qmm  and  Ti^ora. 

99.  Gases  and  Yapobs  have  been  defined  to  be  highly 
oompresnble  flmids. 

The  distinction  between  a  gas  and  a  rapor,  ia  not  rerTT  dear. 
When  a  body  in  a  gaaeona  form  can,  bj  moderate  preeeyre,  be  re* 
daced  to  a  liquid  form,  it  ia  usually  called  a  Taper.  For  aosCr  of 
the  purposes  of  Physiea  the  distinction  is  nnimporlaiit. 

Besides  the  property  of  oompresdbility,  or  nther  as  a 
consequence  of  it,  gases  and  tj^kmv  oontiniiaUj  tend  to 
expand  so  as  to  oceupy  a  greater  Bpaee.  The  foree  wfaieh 
they  exert  in  this  way,  is  called  their  Tennon^  or  ihtnr 
Elastic  Farce.    . 


Thirty-foor  gases  ara  known,  thirty  of  wUch  are  compound,  and 
four  are  simple.  The  four  simple  gases  are.  oaofgem.  hffdrogen^  nu 
trogen^  and  eUorime.  Mast  of  tbe  gases  are  eolorless;  but  iome  are 
not  fo. 

Of  the  thirty-foor  gues^  all  but  five  bare  been  liquefied  by  prea- 
sure,  and  the  i^plicatioa  of  coUL  Tbe  fire  that  bare  thus  for  re- 
Bisted  arc.  oxygen,  kydrogm,  nitrogen^  dnOmfie  0/  nUrogen^  sad 
carbonic  oxyde. 


(M.)  yrhtA  an  Gmm  and  Tapanf    Wt0t  U  PU  40br^/«  Mmwm  O^mf 
Wfcrt  to  MMot  Vy  TcariMf   Sfiw  fMsr  AsMffs  0§m  mf  04r*t    WUtk  mf0 


I>eicriptlon  of  the  AtmoBpheore. 

lOO.  The  air  we  breathe  is  a  mixture  of  oxygen  ani 
nitro^miy  with  a  hlv^ht  quantity  of  carbonic  acidy  wai^ 
vapor^  and  some  accidental  impurities.  The  oxygen  ani 
liitrogeti  are  mixed  in  the  propoition  of  21  to  79* 

The  oxygen  of  the  air  aupporta  life  and  combuBtion ;  without  ii^ 
neiiher  couW  loi*g  eiist.  The  nitrogen  serves  to  dilute  it.  Were 
ihe  air  composed  entirely  of  oiygen,  bodies  would  bum  with  Um 
much  rapidity,  even  many  of  the  metals  would  be  consumed.  Ani- 
mal lifc^  too,  would  £<oou  be  exbaufited  by  overaction  in  inch  au 
atmosphere. 

Ttte  atmosphere  is  transparent,  without  odor,  and  color- 
less, except  when  seen  in  masses.    In  masses,  it  assmnes  a 
blue  tint  J  and  it  is  this  which  causes  the  sky  to  take  a  blu 
color- 
Without  an  atmosphere}  the  celestial  vault  would  appear  perfcci 
black  ;  in  aBcending  high  mountains,   the  sky  ^adually  loses 
blucness,  and  approaches  a  hue  of  black;  this  is  because  the 
of  air  above  the  observer  rapidly  diminishes  as  we  aseend. 

The  air,  by  virtue  of  its  elasticity,  serves  as  a  medi 
for  the  transmission  of  sound ;  it  also  serves  as  a  means 
transporting  the  vapors  of  oceans  and  lakes  to  fall  upon  the 
laud  in  the  form  of  rain,  snow,  and  the  like. 


BxpansiTe  Foxoe  of  Air. 


I 
I 


101.    Air,  like  .simple  gases,  always  tends  to  assume 
greater  volume. 

To  show  this  property,  take  a  bladder  fitted  with  a  stop-cock,  as 
fihown  in  Fig.  70.  Having  moistened  the  bladder  -to  make  it  more 
liexihle^  open  the  cock.  Fquceze  out  moi-t  of  the  air,  and  then  close  it 


I 


( loo.)  I>e8cHbo  tb6  oompoBttfon  of  the  fttmosphere.  Wh<it  U  th6  MM  qf  (K6 
ooptjgm  f  O/the  nitro^tn  f  Wliiit  Is  the  color  of  ftir  ?  What  4!^oi  htM  the  air  on 
ctU«tial  appmrancM  T  Mcntiun  ftome  tif  tlm  uaea  i^f  Llie  atmo«phure.  (101.)  U*m 
i*  tK§  empan«ie€  /vro*  ofttlr  «ftown  f 


Jacc  the  ne&rly  empty  bladder  uoder  the  receiver  of  an  ajr*pamp, 
iD*i  cilittusi  the  air,  Aa  the  air  beeomcs  rttrer  in  the  receiver,  iho 
MsMider  will  he  seen  to  expaiidj  sUowing  that  the  air  within  it  i« 
eii^ansible.     In  the  same  way,  it  may  be  shown  that  any  ga»  i« 


We^ht  of  Air. 
lOtl.    Air,  like  other  bodies,  has  weight, 

■  To  «how  tJuB,  take  a  hollow  gloho  of  glass,  fitted  with  a  stop-cock, 
Bjt  tthowu  ill  Fig.  71.  Having  attached  it  to  one  Rcale  pan  of  a  deli- 
cate balancu,  countcrpoiHo  it  by  weights  placed  in  the  other.  Then 
by  means  ol  the  air-pump  exhaust  the  air  from  tho  globe;  tlit^  oppo* 
site  scale  pan  will  doecend*  and  some  wciglitB  will  have  to  be  added 


( lOSI*)  ^ow  ^  U  ih&wfi,  that  air  ha«  wHfffU, 
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to  the  first  scale  pan  to  restore  the  equilibnum 
will  iixdioaie  the  weight  of  the  exhausted  atr. 


103. 


Composltioa  of  the  Atmosphere. 
It  ha«  been  stated  that  our  atmosphere  is  com- 


The  weights  adde<3^ 


posed  prineipally  of  oxygen  and  nitrogen,  with  small  quanti 
ties  of  carbonic  acid  and  watery  vapor. 

The  amount  of  watery  vapor  depends  upon  the  place,  the 
8ea8on,  the  temperature,  and  the  direction  of  the  wind; 
under  all  circumstances  it  forms  but  a  small  per-ccBtage  of 
the  entire  atmosphere. 

The  carbonic  acid  in  the  atmosphere  arises  in  a  great 
measure  from  respiration  and  combustion.  A  coDtinual 
supply  of  this  gas  k  nftbrded  by  volcanoes.  On  the  other 
hand,  it  is  being  cotitinually  taken  up  in  the  process  of  vege* 
tation-  Plants  continually  absorb  it,  appropriating  the 
bon,  and  giving  off  the  oxygen  which  it  contains,  Anoth' 
cause  of  diminution  in  the  at  no  nut  of  carbonic  acid  in  the 
air,  is  alisorption  by  the  water  of  our  atrearus.  Water  ab- 
sorbs large  quantities  of  it,  which  thus  becomes  the  means 
of  dissolving  earthy  matters,  and  eventually  of  causing  cal- 
careous deposits. 

It  is  the  result  of  observation,  that  the  supply  and  1 
are  very  nearly  balanced,  so  that  the  per*centage  of  carbonic 
acid  in  the  atmosphere  remains  nearly  constant.    It  amoimta 
to  ahout  a  thousandth  part  of  the  entire  atmosphere, 

AtMOspheiic  Pressure. 

104.     The  atmosphere,  by  virtue  of  its  weight,  exerts' 
force  of  pressure  upon  the  surf'tce  of  the  earth  as  well  as 
upon  every  object  with  which  it  is  in  contact.     This  force 
is  called  the  Atmospheric  Pressitre. 

^(103)  Upon  what  dremnatanops  4n&i  ttie  vuterj  mp&r  \n  the  sir  <Sepen<JT 
W^bvnwo  In  carbonic  ncid  supplied  f    What  beccinies  of  the  excess  of  carbonic  jiclil! 
^  <Jt»  Iho  supply  and  loss  oomi»aref    What  la  tbe  »moant  !n  the  ata 
•4.)  Wh»t  Is  the  AtmosphoiiG  Prtf4sur«  t 


the 
ab- 
ans 
ca^j 


ar[K}nic  aciii  ? 
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This  pressure  decreases  as  we  ascend  into  the  atmos- 

if  we  suppose  the  atmosphere  to  be  divided  into  layere  parftJIel  to 
we  surface  of  the  earth,  it  is  evident  that  each  layer  is  pressed  down 
oy  fhc  weight  of  all  above  it*  Hence,  the  higher  layers  are  less 
''"nipresscd  than  those  below  them.  Being  less  compretiBed,  they 
expand,  or  become  rarefied.  The  existence  of  atmoj^phoric  pressure 
^^y  be  Bbown  by  a  variety  of  experimentSj  some  of  which  will  be 


■^ 


Bunting  ai  BAemfara&e. 

9«l*     A  glass  cyliader,  open  at   both  cm)*f  Hmm  il«  Vppar 
ivered  by  a  stretched  membrane,  «ueh   ax  U  ui«4  bf  0Ol4*b«ftU/»^ 

now  doM  it  Tvy  u  we  nomAf     Mm  §^a9m  tl4l  0k  €te  fcHMMt  MWWJ 


mmm 
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tbnl 


and  ita  lower  end  U  grouml  bo  oa  to  &i  the  plate  of  an  lii-p 
shown  iQ  Fig.  72. 

la  iU  natural  coDditlon,  the  membrane  is  pressed  i 
Eweighi  of  the  atmosphere  aboye  it^  and  this  pressure 

tlio  ieuaion  of  the  air  within  the  cylinder.     If  now 
bans  ted  from  the  cyliiiderj  the  membrane  will  no  longer  b 
from  within,  and  will  finally  burst  with  a  loud  report. 

The  bursting  of  the  membrane  shows  Uie  pressure  of  the  i 
rejMirt  ari&cit  trom  the  sudden  rush  of  air  to  fill  up  the  c 
cylinder. 

The  Magdeburg  Hemfaphegieg^l 

1M«  This  apparatus,  named  from  the  city  whe 
vented,  consists  of  two  hollow  heRiisplieres  of 
hmt^j  whJcU  are  ground  &o  as  to  it  each  other 
wiih  Ml  air-tight  joint.  The  hemispheres  are 
shown  in  Fig.  73.  One  of  tkejn  is  so  prepared 
that  it  can  be  attached  to  an  air-puinp,  and  is 
provided  with  a  stop^cock,  by  means  oi  which 
a  com  muni  cat  ion  with  the  external  air  can  be 
opened  or  closed  at  pleasure. 

Tlio  two  bcraifipheres  being  placed  one  upon 
the  other,  tbu  pressure  of  the  external  air  is 
exactly  counlcrbalanccd  by  the  tension  of  that 
within,  and  no  obstacle  prevents  them  from 
being  drawn  apart.  If,  however,  the  air  be 
exbausted  from  within,  the  external  pressure 
in  no  Imv^cr  eounteracled  by  au  expansive 
force  from  within,  and  it  requires  a  con.^ider- 
able  efibrt  to  effect  their  reparation,  as  ^hown  in  Fig.  ^4 
■eo  herenfJer  that  the  hemispheres  are  preased  together'1 
e<]^ual  to  1 5  Ibi.,  multiplied  by  the  number  of  square  incbe 
■common  cross  seetion.  ^| 


What  oamef  tht  burtHnfff    Ths  rtpoHf    ( 10«.)  Whai  are  ih4  M 
ff^miiphettn  f    Ih^cHb^  th^  oBptrirnent,  and  sseplain  it. 


i 


The  experiment  was  devised  by  Otto  von  Guericke,  of  Magde- 
hmq.  He  coiiiilrucf,cd  two  liemifipheres  more  than  two  feet  in 
"liiinieterj  and  after  having  exhausted  the  air,  it  is  reported  thai 
it  roquired  several  horees  to  draw  them  asunder. 


Totijeellian  Tube.— MoASnre  of  the  Atmospheric  Pre88ia«. 


H  i<IT,  The  preceding  cxperimeTits  show  that  the  atnios- 
Bfcere  exerts  a  force  of  pressure ;  the  intensitjr  of  that  force 
^^y  be  measured  by  other  means. 

ToRRicELLi,  a  pupil  of  Galileo,  showed  io  1643,  that  this 
pressure  artit^unts  to  about  15  lbs,  on  each  squai'e  inch  of 
■rfiice,  at  the  level  of  the  sea. 

What  esfpsHmmt  teat  mad§  hy  Otto  d»  GoisicKsf    (  101.)  Wbat  ta  tlw  prei- 
^  of  Uie  fttmosph«rt,  ud  a  aqoAro  Incli  t 


fctofUiea 
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In  order  to  repent  Torbicblh^s  expenment,  take  a  glase 
About  three  feet  in  length,  closed  at  one  end  and  open  at  theo 
Turning  the  closed  end  downwanls. 
Jet  it  be  filled  with  mercury.  Then 
holding  the  finger  over  the  op^n 
end,  let  it  be  inverted  in  a  vessel 
of  mercury,  as  shown  in  Fig.  75. 
On  removing  the  finger,  the  mer- 
cury RJnlm  in  the  tube  until  tho 
column.  AB,  la  about  30  inches 
high^  when  it  comes  to  a  state  of 
equiilbrium. 

in  Ibis  conditionj  the  mercury 
ifi  FUfitftincd  by  the  pregsure  of 
the  air  upon  Ihe  surface  of  the 
free  mercury  in  the  vessel,  trans- 
milted  according  to  the  Jaw  ex- 
plained in  Article  70.  At  the 
level  of  the  sea^  the  height  of  the 
colunm  .4  J3,  is  on  an  average  not 
far  from  30  inches,  or  2i  feet. 

If  we  iiupi>ofie  the  cro&S' section 
of  tho  tube  to  be  one  square  inch, 
the  atmospheric  pressure  upon  that 
8Urface  must  be  suificient  to  hal* 
ancc  the  weigiht  of  30  cubic  incheu 
of  mercury.  Now  the  weight  of 
30  cubic  inches  of  mercury  ia  a 
little  less  than  15  lbs. ;  hence,  we 
say  the  measure  of  the  atmoppherio 
pressure  is  15  lbs.  on  each  square 
inch. 


ml 


FJg.  75, 


A  pressure  of  15  lbs*  on  each  square  inch,  ia  often  called 
an  atmosphere^  and  this  becomes  a  unit  for  expressing  the 
pressures  of  ^ases  antl  vapors.     Tlius,  ivhen  we  say,  in  an]^ 
given  case,  that  the  pressure  of  steam  in  a  boiler  is  foi^l 

F      I>Meribt  Toftitto«LU*t  §srptrimtnt.     Smc  whovm  thai  ihs  pr$t»ur«  l«  15  S^  9^ 
F      Ml  inch  f    What  anlt  of  prMsure  1«  Adopted  ftr  all  gate*  tad  report  I    EJcamplA. 
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Atmospheres,  we  mean  that  it  exerts  a  pressure  of  60  lbii»^ 
~  ^h  square  inch  of  surface. 

Pascal's  Siqieriments. 

M^§«    As  soon  as  Torriceixi's  experiment  ^vaa  known 
F'l-ance,  Blaise  Fascial  uiicleitook  to  ascertain  by  c*xj>eri» 
"^erit  whether  the  mercury  was  actually  retained  in  the 
^^b<2  by  the  pressure  of  the  atmosphere,  or  by  some  other        | 

Be  caused  a  friend  to  repeat  Torricelli^s  experiment 
^Pon  the  top  of  the  mountain  of  Puy-<ie*Dome,  correctly 
*'^asoning,  that  if  the  height  of  the  mercurial  cohtmn  is  due 
^  atmospheric  pressure  alone,  it  ought  not  to  be  so  great 
^^  the  mountain  top  as  at  the  level  of  the  sea.  The  result 
^^  the  experiment  showed  that  the  height  of  the  column 
^'a«  less  on  the  top  of  the  mountain  than  at  its  base.  ; 

He  next  reasoned,  that  if  the  tube  were  filled  with  any 
^*(|irid  less  dense  than   mercury,  the  htight  of  the  eohnnn 
^Ught  to  be  pro|K>rtional[y  greater.     Conseqnently,  he  mado        , 
at  Rouen,  in  1640,  the  following  experiment.     He  took  a  H 
L    lube,  similar  to  that  of  Torkicelu,  but  nearly  50  feet  in  H 
H  length,  and  after  filling  it  with  wine,  inverted  it  in  a  vessel  ^M 
~   of  the  same  liquid.     Pascal  observed  that  the  column  fell,   ^* 
until  it  was  about  "^5  feet  high,  when  it  came  to  rest.     In 
this  case,  the  column  was  fourteen  times  as  high  as  when 

»  mercury  was  used,  and  as  mercury  is  fourteen  times  as  dense 
as  wine,  he  concluded  that  the  sole  cause  of  the  phenomenon 
in  question  was  the  pressure  of  the  atmosphere. 


1^ 

^fpressur 


juon  ^1 

(I  The  Baiioia«ier.  ^^^^| 

I,    A  Barometer  is  an  instrument  for  measuring  the       j 


The  Baiioia«ier. 

Barometer  is  an  instrument  for  measuring  the 
ressure  of  the  air    If,  to  Torricelli'b  tube,  were  fitted  a 


(  108  )  Describe  Pabcal'^  earpcrtmetits  In  d^^Uii  swd  Ills  mode  of  rpufinlng. 
Wh«t  omidusioii  la  dertTed  (torn  Pamai.!*  experiment*?  (  1  Oft  )  What  la  *  Bat- 
omM«rf    WbaCiiltaprfDctpIer 
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mmle  for  nif*fiiiuriiig  the  exaei  dtitaii 
ealttmn,  it  wottkl  be  •  barometer. 

Serorat  fomui  have  beeo  gireo  to  tbe ' 
which  will  be  described  m  fjbe  kik^wmg : 


of  Ae 


Tha  OiaUfii  B«rQin«ter. 

no.  Fig*  76  ropreaenU  a 
Vtmimn  HAmiuio-KR,  »ucb  aa 

iM  in  i'jmimftn  ntM*  hi  France 
fitiil  in  thin  cxxitiiry. 

It  vAnmniH  of  n  ^]nm  tube, 
ai^  ulffHit  at  iiinfia^  long, 
i^hiMrd  At  tfMt  to[>  find  o|)en  at 
thi^  hottorri.  Thi«  tube  \um  a 
<|jiirri(*U!r  uf  about  four-tenths 
iff  im  indi.  It  in  iilk«<l  with 
mviTAiry  mul  invtvrttKi  in  a 
*?ii»t(*nr^  Ay  \vh\vh  jk  [jartially 
fINrd  wilii  tlicj  HiiHw  liquid,  its 
4!xpliiiu4i<l  ill  Artido  107,  The 
inorcinry  mittFtm  in  the  tube 
111  I  tiii^  hr«i^4*t  of  Iht!  column 
IM  nljout  .'fO  int^JKiH  lit  tht;  Icvd 
of  tins  «nu, 

Tlict  (iiHtr'ni  A^  in  :j  or  4 
incifn^H  in  diiirnotur,  and  it  iB 
HO  iidaplod  to  the  tube  «i,  m 
to  jii-rniit  the  Jiir  to  iRmf^rate 
to  tlit^  ciMtc^ni  Hi  the  joint  L 
Only  u  part  of  the  cintern  is 
ntnm  In  tlii^  fijir^in*^  Uie  rernain- 
disr  bivifi^  li*i.  into  ijm  fiuiue 
wliitih  HiijtportM  the  whole  m- 
atruitiunt.     At  the  lop  of  the 


f  1«.  Tfl. 


(110)  Dwcrlbe  tbo  CleUaru  birometcr.    The  tube.    The  clstcnt. 
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frame  is  a  scale,  (7,  having  its  0  point  at  the  level  of  the 
Mercury  in  the  cistern ;  or  on  the  opposite  si(^e,  is  a  scale  on 
^vliich  are  marked  certain  weather  indications. 

-A  carved  piece  of  metal  embraces  the  tube  and  carries  an 
^^dex,  which,  as  the  piece  is  raised  or  depressed  to  corres- 
pond to  the  top  of  the  column,  points  out  upon  the  scale  (7, 
the  height  of  the  column.  Two  thermometers,  one  of  mer- 
cury and  one  of  alcohol,  are  also  attached  to  the  frame, 
^'hich  serve  to  show  the  temperature  of  the  instrument  and 
^^  the  mercory  which  it  contains. 

The  0  point,  or  beginning  of  the  scale,  is  at  the  surface  of  the 

'Mercury  in  the  cistern.    When  the  pressure  of  the  air  increases,  a 

portion  of  the  mercary  in  the  cistern  is  forced  up  into  the  tube,  and 

the  0  point  descends;  when  the  pressure  diminishes,  the  reverse 

^a-kee  place.    But  inasmuch  as  the  surface  of  the  mercury  in  the 

<^i8tem  M  Tery  great  in  comparison  with  that  in  tlie  tube,  this  rise 

^nd  fall  11,  ibr  most  purposes,  quite  unimportant.     When  great 

Accuracy  is  required,  the  bottom  of  the  cistern  is  made  of  leather,  and 

<^an.  by  meuie  of  a  screw,  be  raised  or  depressed  until  the  surface  of 

the  merenry  in  the  oistem  just  grazes  the  point  of  an  ivory  pin  pro- 

iecting  from  the  top  of  the  cistern.    This  improvement,  devised  by 

ToETur,  is  now  in  general  use. 

To  determine  the  height  of  the  barometer,  the  0  point  is 
first  a^iuted,  then  the  curved  piece  is  slid  up  or  down  till 
it  coincides  with  the  surfiu^  of  the  mercury  in  the  tube,  and 
the  height  is  then  read  off  on  the  scale  c.  The  height  of 
the  thennometer  should  also  be  noted. 

In  the  instrument  described,  the  scale  c  does  not  extend  through- 
oat  the  whole  length  of  the  instrument,  because,  in  ordinary  cases, 
only  a  small  part  of  the  scale  is  needed.  When  a  barometer  is  to  be 
used  in  high  altitudes,  the  scale  is  continued  downwards  as  far  as 
necessary. 

Deaerfbe  fbe  sesle.    The  index.    The  thermometen.    Where  i»the9  point  qf^ ' 
eealet   a^wialksQ  poiMiregMkttedlnaoettratebarometertt   How  it  tlie  li«il' 
of  the  barometor  doteirmined  ? 


I 


111*    Fig.  77  represents  a  Sifbox 
BAiioMiirrKit*     It  coTmists  of  a  cnn*ed 

tiilMS  ah^  having  two  unetjual  branch- 
en,  the  nhorf  tT  ime  acting  as  a  cistern. 
In  thci  longer  branch,  there  U  a 
vaomini  ahovt^  the  mercury,  but 
the  whorttT  one  is  supplied  with  mr, 
which  coninuHiicates  with  the  external 
ntinoftphere  Ihi'i^ng?!  a  email  opening, 
t.  There  are  two  scales,  one  at  the 
upper  jMirt  of  each  liranch,  and  in  front 
of  each  ii  a  mavabke  index  which  may 
be  rained  or  depressed  until  it  comes 
til  the  fri5«  surface  of  the  mercury  in 
iiich  Imuicli.  l$y  means  of  these  scales^ 
the  dift\'n*uce  of  level  in  the  two 
branch CH  may  be  meastircd.  This  dit- 
fere  nee  ih  the  height  of  the  barometric 
column. 

To  provotit  violt^nt  oiEciUntionfl  when  ib6 
iiiii!rnmf*iU.  ik  iiinved  from  place  ti>  place,  the 
I  wo  branchoN  rommuiucato  through  a  fine, 
ttlmont  Cftpillary*  tube,  Thi«  arrangrement 
ttUo  prevfsrifn  tbo  jiossibility  of  a  bubble  of 
ttir  fifiuctnitiijsi  from  the  shorter  to  the  longer 
bmiieh,  wbuu  tUo  instrumeni  is  inoUned, 

Fig.  IT. 

Propertiea  of  ft  good  Bai-ometcr. 

lit.     The  space  at  the  top  of  the  tube  should  be 

(  in.)  IH'wjfilxs  tlio  BIphori  bamgieter.     Whftt  takes  tfie  pl»c«  of  a  ctstemY    Tig' 
tiiiliy  ACftlt'A  uro  nyodod,  ftnd  tidw  ure  tbry  airanptd  ?    H«w  ts  the  diflbreiic«  of  let^ 
d»terraiit«d  Y   titno  ar^  o^eiUaHont  obviated  t  ( 1 1 S.)  Wh»t  «re  tlie  ga 
of  a  good  bftTOtnetar  T 
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;Iy  free  from  air  or  moisture,  otherwise  they  would,  by 
their  elastic  force,  prevent  the  mercurial  column  from  rimog 

to  its  proper  ii eight. 

The  elastic  force  of  vapor  of  water  isj  aa  will  be  Hhown,  very  con- 
Eider&ble,  even  at  ordinary  temperaturea.  To  exy^l  both  air  and 
moiiiurc,  the  mercury  shoujd  be  boiled  in  the  tube  before  the  latter 
i>  inverted  into  the  cistern. 

The  mercury  should  be  pure,  the  bore  of  the  tube  should 
^  sufficiently  large,  and  the  scale  should  be  accurate.  Mer- 
cnry  may  be  purified  by  distillation, 

Thtifi  far,  mercury  has  been  preferred  to  all  other  liquids  for  filling 

^^fofjietera.     It  is  true,  other  liquids  might  be  used,  but  in  such 

[  *^*e,  ibe  tube  would  become  uiiwieldly  from  its  length.     In  the  caae 

Water,  a  tube  of  about  35  feet  would    be   required.     There  is 

^<^ther  objection  to  using  wat^er,  w^hicb  arises  from  its  tendency  to 

I  vapor  even  at  ordinary  tern  pe  rain  res.     The  formation  of  vapor 

the  top  of  the  tube,  would,  as  we  have  just  seen,  prove  highly 

lUrioos  to  the  working  of  the  InBtrument. 


Mean  Height  of  the  Barometer. 


Its.     The  height  ot  the  barometer  is  constantly  fltic- 

Jointing.      The  difierence  between  the  greatest  and   least 

*^ights  observed  at  Paris,  amounts  to  m  much  as  one- 

Ithirteenth  part  of  the  greatest,     Tlie  Ouctiuitions  become 

ter  as  we  approach  the  poles,  and  less  as  we  approach 

[the  equator. 

The  mean  or  average  height  at  any  place  c:in  be  found  only  from 
pl  great  number  of  observations.  If  we  take  hourly  observations  for 
one  day  and  divide  the  sum  of  the  heighta  by  24,  the  result  is  called 
the  mean  height  for  thai  iiay.  This  does  not  differ  much  from  the 
height  observed  at  midnight.  If  we  take  the  sum  of  the  mean  daily 
heights  for  a  year,  and  divide  by  365,  the  result  is  the  mean  height 


■ 


What  Uquid  U  hett  for  /lUtnff  baromeUrtf  OJ^ectiona  to  vthtt  Uquidtf 
(119.)  Wlier«  ftre  th«  flaetuatlons  of  the  bftrometer  (CTutettf  Leut  i  Amonnt  ftt 
PtrU!    S^tt  U  tha m4an  htiffhi /br  a  da^  determined  t    iVraftarf 
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for  that  year.  By  taking  the  sum  of  tlie  mean  aniiual  h 
roajiy  yearn  and  dmdiiig  it  by  the  ntiniber  of  years,  the  re 
mmn  height  for  that  place. 

At  the  level  of  the  sea,  the  mean  beigbt  b  not 
30  inches,  as  already  stated. 


t 


Caujiefl  of  Barometrical  Fluctuatiooa. 

114*  The  cause  of  the  fluctuations  obserre 
barometer,  h  a  change  in  the  weight  of  the  eoliu 
above  it.  Since  tlic  wt.4ght  of  the  entire  atmo 
constant,  if  it  become  heavier  at  one  point  on  tl 
surface,  it  must  become  lighter  at  some  other 
fact  which  is  confirmed  by  observations  by  meaj 
barometer. 

The  cause  of  the  change  of  weight  in  the  colur 
over  the  barometer,  is  a  change  of  temperature,  ^ 
temperature  at  any  place  is  elevated,  the  air  exp 
rises  upward  until  its  lateral  tension  is  greater  that 
the  surrounding  air,  when  it  flows  away  to  the  nei 
regions,  Wlien,  on  the  contmry,  the  temperature 
islied,  tlie  air  contracts  and  an  additional  quantity 
from  the  neighboring  regions. 

Tlip  barometer,  then,  fulls  where  there  is  a  dilal 
rises  where  there  is  a  contraction,  of  the  air, 

Tlje  barometer  serves  as  a  weather-glass.  It  stands  h 
weal  her,  and  low  in  foul  weather.  A  sudden  fall  of  the 
indicates  an  approaching  slorm,  and  a  sudden  rise^  in  gei 
cateu  approaching  fair  weather. 


! 


The  Index  Barometer. 


d 


11  $•  Fig.  78  rcpreBents  an  ornamental  form^  of  aci  I 
« METE  ft.     The  manner  in  wbich  the  index   \s  made  to 

^r  afl|/  plae^  t  Whtt  !a  the  mean  height  nt  the  levd  of  the  sea  f  \ 
!■  thtj  c^uflc  til  tl]0  fluoluatlona  oba^rvcd !  What  is  tha  caaac  of  the  cha 
In  the  lerld  column  f  When  <]o«3  the  hafomet«r  rt»e  f  FaJl  ?  Utt  ^ 
a«  a  icmther-ffiiiu  t    1 1  I  6.1  meptain  tfu  Indem  hartmtUr,  " 


d 


tnitioni  of  ihe  barometer,  is  Bhowii  in  Fig.  79.  The  index  is 
obed'to  aa  axis  which  bears  a  pulley.  Passing:  over  this  pulley 
J  wire,  lit  one  extremity  of  which  is  attached  an  iron  weight, 


1 


Fig.  7a  Wff.  T9. 

TiSes  when  the  height  of  the  mercury  dirainisheSj  and  fallFi 
-his  height  increBPCB.  At  the  second  extremity  is  a  counter- 
\  which  keeps  the  wire  tense,  and  causes  the  wheel  to  turn 

at!*bts  rise  and  fall. 


g|et!^bts 
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The  index  plays  in  front  of  a  dial-plate,  around  which  are  marked 
certain  letters  indicating  the  weather  to  be  expected  when  the  iodei 
ftands  at  any  one  of  them.  The  instrument  shown  in  the  fignre  ii 
of  French  construction^  and  the  letters  are  the  initials  of  the  Freoch 
names  of  the  different  kinds  of  weather,  as  exhibited  below.  In  the 
annexed  table  is  shown  the  height  of  the  barometer  oonresponding  to 
each  indication : 

TABLS. 


HnoHT  or 

UBTRBS. 

wwamam. 

Bfaun. 

BABOMBTBB. 

28.78  inches. 

T. 

Tempete. 

Tempest. 

29.13      *' 

G.  P. 

Grande  pluie. 

Heavy  rain. 

29.48      " 

P.  V. 

Plaie  oa  veat 

Rain  or  wind. 

29.84      *' 

V. 

Variable. 

Variable. 

30.19      " 

B. 

Bean  tempi. 

Fine  weather. 

30.54      " 

B.  F. 

Beau  fixe. 

Settled  weather. 

30.90       '• 

T.  S. 

Tres-^ee. 

Drought. 

The  above  table  is  only  given  to  illnstrate  the  method  of  employ- 
ing the  instrument.  It  is  evident  that  diflferent  tables  would  be 
required  at  different  places.  But  little  reliance  is  to  be  placed  oo 
barometers  of  this  kind,  as  weather  indicators. 

Meainre  of  Mountain  Heights  by  the  Barometer. 

116.  One  of  the  most  important  applications  of  the 
barometer,  is  to  the  measurement  of  the  height  of  any  place 
above  the  level  of  the  sea. 

As  wo  ascend  above  the  level  of  the  sea.  the  pressure  of  the  air 
diminishes,  and  the  barometer  falls.  Formulas  have  been  deduced, 
by  moans  of  which  the  difference  of  level  between  any  two  places 
can  bo  found,  when  we  have  the  heighte  of  the  mercurial  columns  at 
the  two  places,  together  with  the  temperatures  of  the  air  and  mer- 
cury at  these  places. 

A  detailed  explanation  of  the  method  of  making  the  observatioQa} 

ih oofM^nMMarKMMt «<«.  {It^.)  On tOiat pHneipUi$iksUtram$UrM9td/>f 
fn^fuuring  KHghtit 


and  deducing  the  difierence  of  leve^  doe«  not  oomo  within  the  pUa 
of  this  work.  For  tDformalion  on  this  fiubject,  the  reader  la  referred 
lo  Mechanics,  Art.  188. 


Height  of  the  AtmcMiphere. 


I 


117.  The  density  of  the  air  at  the  siirfec«  of  the  earth 
IS  about  10,400  times  leas  than  that  of  mercury.  Were 
there  no  decrease  in  density  as  we  ascend^  its  height  would 
be  10,400  times  30  inches,  or  26,000  feet ;  that  is,  about  five 
mUes.  But  on  account  of  the  rapidly  decreasing  density 
upwards,  the  actual  height  is  ver>'  much  greater.  It  has 
been  estimated  to  be  not  for  from  forty-five  miles  in  height,        , 

rAtiiiOBpherio  Prossore  tranamitted  in  all  directionft.  ^M 

im.     Gases,  as  well  as  liquids,  transmit  pressures  in  alllj^ 


i 


I 


directions,  fi-om  which  it  results  that  the  pressure  of  the  air 
is  not  only  felt  downwards,  btit  laterally  in  all  directions. 
Tlijs  is  shown  by  the  Magdebourg  hemispheres,  which  ad- 
here with  equal  force,  whether  the  force  to  draw  them 
asander  be  exerted  vertically,  laterally,  or  in  any  oblique 
dtfection. 

.  The  same  fact  may  be  illustrated  as  follows :  Let  a  tum- 
bler be  filled  with  water,  and  covered  wii;li  a  sheet  of 
paper ;  then,  holding  the  paper  in  contact  with  the  water, 
let  the  tumbler  be  inveited*  If  the  hand  be  withdraAvn,  thM 
water  remains  in  the  tumbler,  being  held  there  by  the  prea-  ' 
'  sure  of  the  atmosphere,  directed  upwards,  as  shown  in 
Fig.  80.  ?J 

The 'wine-taster,  shown  in  Fig.  81,  is  confitructed  on  this  prin- 
ciple. It  oonsiets  of  a  tube  open  at  both  ends^  the  lower  opening 
being  quite  small.     The  iiiGtrument  is  introduced   into  a  cask  of 


(117.)  Were  tbe  deiultf  tlie  lame  as  at  tba  esrtVs  attrflice,  what  won  Id  t>e  tU 
bel^Mf  What  U  tta  tiatlmmted  bright f  (IIS.)  How  nre  proisarcji  tranamltted 
throogb  tu»l    How  ta  the  prlnclpla  //JcLsCrated  f     Wh<xi  U  fk^  priiw^pU  «J  tha 
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wine  ttirough  the  bung-hole,  ajul  when  it  has  beoome  filled  u»| 
Jcvcl  of  the  liquor  in  the  chaIc^  the  thumb  is  placed  over  tlie  i 
cud,  aad  the  inslmment  is  withdrawn.     A  poriioa   of  the  ^ 


Frs.80, 


Fig.gi. 


held  in  the  tube,  beinij  retained  by  the  atixiospheric  pressure,  and  if 
the  tube  be  plaoed  over  a  tumbler,  and  the  thumb  be  raised,  lli* 
wine  will  flow  out.  This  is  the  principle  of  the  dropping  tube,  eiiir 
ployed  by  druggiste  and  otheret. 


Freaaure  on  the  Human  Body. 


119,     Tiic 


each 


inch  of  the  body  is 


!  pressure  on  each  square 
15  lbs. ;  hence,  on  the  whole  body  the  pressure  is  enorniou?.  ! 
If  we  take  the  surface  of  the  human  body  equal  to  2000 
Bquaro  inches^  wtiich  is  not  far  from  the  average  in  the  caie 
of  an   adult,  the  pressure  amounts   to   30,000  poimdfs  ot 
15  tons. 

If  it  be  asked  why  the  body  is  not  crushed  by  this  e^o^ 
inous  pressure,  the  answer  is,  because  it  is  uniformly  distrib- 
uted over  the  whole  aui^ace,  and  is  resisted  by  t)je  elastic 
force  of  dr,  and  other  gases,  distributed  through  the  tiastten, 
of  the  body. 

The  following  experiment  shows  that  the  tissues  of  the  btlftit 


issues, 

ttifttS 


D€/torfb«  U  emdits  wftk    Wh^  ts  Vte  dri^pjAng  Uibef    (II©.)  IHuit  \a  tb« 
fcmoant  of  atmoftplierfo  [)ri3§eure  m-Jk  Ihe  hnuinn  body  f    How  ia  thli  {yreitlin}  reitttedf 
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ontaia  air  and  gaues,  whose  elaattcity  resiBtJi  the  atrooBpheric 
Let  the  hand  be  pressed  dose  I  y  upon  the  mouth  of  a 
a'cy Under,  wboae  interior  communicatos  with  the  air-pump,  aa 
wn  m  Fig.  82.  No  inoonveiiience  will  he  felt.  But  if  the  air 
exhausted  from  the  cyl- 
er,  the  flesh  of  the  hand 
ll  he  forwd  into  the  cyl- 
Icr  by  the  pressure  from 
thout^  which  i«  no  longer 
utted  by  the  pressure  of 
B  air.  The  hand  swells, 
d  the  blood  tends  to  flow 
t  through  the  pores. 
The  question  may  be 
bd,  why,  when  the  hand 
plaecd  upon  a  body^  it  is 
I  retained  there  by  the 
^ure  of  the  atmosphere, 
ie  answer  is,  there  is  a 
ifi  layer  of  air  between 
5  hand  and  the  body, 
lich  exactly  counterbal'- 
ce§  the  effect  of  the  ex- 
nal  pressure.  Were  the 
"  perfectly  excluded  from 
fcween  the  hand  and  the 
ly,  there  would  be  a 
Ong  tendency  to  adher- 
ce  between  them. 


Fig.  83. 


The  operation  of  cupping,  in  medicine,  depends  upon  the  principle 
It  explained. 


U 


Vim  ih^um  that  ths  tissue*  qf  iht  body  c&niain  gau*  f   JSasploin  eseperimini. 
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IL^MIABUMS      Of      TH<      SLASTtO      FDECE     OF     6iit 


H        190.    When  a  given  mass  of  any  gas  or  rapor  is 
^    preHsetl,  so  as  to  occupy  a  smaller  space,  its  elastic  foi 
I        Increased ;  on  the  contrary,  when  the  volume  is  m 
H     it*»  eUwtic  force  is  diminiBhed, 
"        The  Isiw  of  increase  and  diminution  of  elastic  force 
fir«t  made  known  by  Maeiottej  heuee  it  was  called  b; 

Iiuiiue,     AIa.biotte'8  law  may  be  enunciated  as  followB: 
The  elastic  force  of  any  given  amount  of  gas^  whoM 
pef^ture  remains  the  sarne^  varies  invei'selt/  as  its  volm 
As  a  consequence  of  this  law  it  follows  that, 
^  the  temperature  remains  constant^  the  eiWtc  ^ 
mries  as  tii^  density. 


I 


MariotWi  Tube. 

11ll»  Martotfe's  law  may  be  verified  by  means  { 
apparatus,  »ho\vn  in  Figs.  83  and  84,  called  Mariotte^s  | 
This  tube  is  of  glass,  bent  into  the  shape  of  a  letter  J, 
short  brant^h  is  closed,  and  the  long  one  open  at  th| 
The  tube  is  attached  to  a  wooden  frame,  provided^ 
suitable  scales  for  measuring  the  heights  of  mercury  an 
in  tfie  two  branches. 

Tb*^  instrument  having  been  placed  vertical,  a  suffl 
quantity  of  tnercnry  is  poured  into  the  long  branch  tj 
oif  CO mmitnieation  between  the  two  branches,  as  shoi} 
Fig.  83.  The  level  of  the  mercury  in  the  two  l>ranc| 
the  same,  and  this  level  'm  at  the  0  point  of  the  two 
The  air  in  the  short  branch  is  of  the  same  density, 
the  Rame  tension  as  that  of  the  external  atmosphere. 

(Ita.)  What  li  Masiottr^i  Uwf    ComeqneucflT    (1210  B«acrfl>«  : 
Tube, 
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MAiiotte's  Law. 

^vv»    Wh«n  a  given  mass  of  any  gas  or  vapor 

pMidii  to  iB  lo  occupy  a  smaller  space,  its  elastic  forte 
%iirli<iPi  I  cm  tbe  t^imtrary,  when  the  volume  is  in* 
||»  tlMlio  fore^  ia  dtmlnished. 

Tli0  law  of  inort^ase  aud  diminution  of  elastic  force  ..- 
Sm  made  known  by  MAftioiTE;  hence  it  was  called  by  hi 
MA.iuorrE'21  luw  may  be  enunciated  as  follows: 


TA^  elasUc/orct  of  any  given  amount  of  gas^  whose  tmi 
f*ertilirrt?  rmnniuit  the  ttafm^  varies  inverseiy  as  its  voiimi* 
Aa  a  eon»iH)UiMCiee  of  this  law  it  follows  that, 

^  ih^  i^mpemiutt  nmains  constant^  the  elastic  force 
variat  as  lh9  ifefuri^f . 

Mjuriott«*B  Tabtt. 

1*1.  Mauiottk^s  law  may  be  verified  by  means  of  a" 
ap|>nnitu!i,  sJunvn  in  Figs,  83  and  84,  called  Manotk^s  Tvhe- 
This  tube  is  of  glass,  bent  into  the  shape  of  a  letter  J.  Th« 
short  brunch  '\^  closed,  and  the  long  one  open  at  the  top* 
The  tube  is»  attached  to  a  wooden  frame,  provided  ^"it^ 
suit  able  scales  for  measuring  the  heights  of  mercury  and  ^ 
in  the  two  branches. 

The  instrument  haviuii^  been  placed  veilical,  a  sufficient 
quantity  of  mercury  is  poured  into  the  long  branch  to  c«t 
off  comnufnieatiun  between  the  two  branches,  as  sliown  i" 
Kg.  83*  The  level  of  the  mercury  in  the  two  branches  i-^ 
the  same,  and  this  level  is  at  the  0  point  of  the  two  scaled 
The  air  in  the  short  branch  is  of  the  same  density,  and  has 
the  same  tension  as  that  of  the  external  atmosphere. 


Sranches  be  made  equal  to  the  height  of  tlie 
metrical  column,  us  shown  in  Fig;  84  (where  the  dififer- 
^  76  centimetres,  or  29.92  inches^  the  air  will  be  com- 
>d  intone  one  half  of  its  original  bulk. 


t.: 


How  tiaed  to  rerify  the  kmt 
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In  the  figure,  tho  air  in  EC  is  subjected  to  ibe  preasore  ( 
atmotpkereA,  one  from  the  actual  attnoephere,  tranjBmitted  i 
the  mercury,  and  ao  equal  pressure  from  the  weight  of  the  j 
JC,  which  is  equal  lo  that  of  aii  atmosphere. 

If  the  difference  of  height,  AC^  be  made  equal  to  two,  ihnw, '» 
AtOi  timen  that  of  the  barometric  column,  the  air  in  BC will  I 
reduced  to  on©  third,  one  fourth,  one  fifth,  kc.^  of  its  original  halt 


Manometera. 

19!i«  A  ItlANOMETER  18  an  apparatus  for  measuriDg  tb«| 
elastic  force  of  a  gaa  or  vapor. 

There  are  two  principal  kinds  of  manometers,  the  op^l 
and  the  dosed  manometer. 

Thd  Open  Bianotnefter, 

19S.    Fig.  85  represents  an  Opks  Maxometer,  ski 

18  oflcii  used  for  measuring  the  pressure  of  steam  in  a  boiler. 
It  consists  of  a  narrow  tube  of  glass  fixed  against  a  verti- 
cal wall,  and  communicating  with  a  cistern  of  mercury,  C", 
A  pipe  leads  from  tlie  boiler  to  the  cistern,  C,  and  by  means 
of  a  stop-cock,  Bteam  niay  be  admitted  to  the  cistern,  or  cut 
off  at  plejisure. 

When  the  lonsion  of  the  steam  in  the  boiler  is  just  equal  to  thftt 
of  the  atmosphere,  the  mercury  fitauds  at  the  same  level  in  the  tube 
and  ciNtcrn.  When  the  tension  of  the  steam  becomes  equal  to  twic* 
that  of  the  atmos[jhere,  the  mercury  is  forced  from  the  cistern  inl^ 
the  pipe,  where  it  rifles  till  the  diiTeronce  of  level  is  30  inches,  Thb 
IB  marked  2  on  the  tube,  and  when  the  mercury  ib  at  this  division, 
tension  of  the  Bteam  is  two  atmoBpheres.  The  divisions  3^  4,  5,  i 
are  placed  at  diBtancoH  of  30  inches,  and  when  the  mcrcur>'  stanJ 
at  any  one  of  them,  the  manometer  indicates  a  tension  of  the  corre- 
sponding number  of  atmoepheres.  ^ 

( 1  Z%\  Wbiit  li  n  Stanotneter  f    TTc»w  many  kinds  are  employed  f    Wbat  y«  Uwy  f 
f  US,)  DGicrlbo  tbo  Open  Manometer.    Mtplain  its  acti&n. 


tandi 


A 


Flg.S6. 
3  figure,  the  tenBioii  indicated  is  3i  atmospheres. 

^^  The  Closed  Manometar. 

,    The  Closed  Manometeee  is  s^liowii  in  Fig.  86,  irnd 
from  Itie  one  just  deacribecl,  in  having  its  verticiil 
ilo^ed  at  the  top.     It  is  graduated  on  the  principle 
ated  in  Mariotte's  law. 


( IS4.)  DcaciitM}  tho  Qosed  Mimomoter.    How  la  U  gt«dua,t«^t 


J:K  .IHIIli'l,'', 


cistern  and  tube  arc  at  tho  same  level, 
the  teusion  of  the  steam  and  the  claaJic 
force  of  the  air  just  balancing  each 
other.  When  the  pressure  becomes 
(wo,  tlir«e,  lour^  kc.,  atmospheres,  the 
air  in  the  cloflcd'tubo  will  occupy  on© 
half  J  one  third,  one  fourth.  Ike,  tho 
fipace  it  did  befom,  allowance  being 
made  for  liie  weight  of  the  mercury 
which  iis  forced  up  into  the  tube.  The 
lUBtniment  having  been  gmduated^  ils 
use  is  evident.  When  it  ia  desired  to 
BBcertain  tlic  tension  of  the  steam  in 
the  boiler,  the  cock  is  turned,  and  the 
height  to  which  I  he  mercury  ascends 
in  the  tube,  indicates  the  lenBion  in 
atmosphercR.  Any  number  of  sub- 
diviaioms  may  be  made  in  either  of  the 
two  manomelers  described. 

Besides  these,  1herc  is  a  metnllio 
manometer,  invented  by  M  Bourpon, 
and   known   as    Bourdon's     Metallic  Fig.  6a 

Manometer.     It  i^uot  eo  reliable  as  those  described. 


on      to      FUllFB      AND      OTHER     KACHl 
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1  I  t'^T-A  P  P  L  I  C  A  T  1 

(7 


Tho  Air-^pump. 


[ 


125.  An  Am-PtJMp  is  a  machine  for  exhausting  the  air 
from  a  closed  space.  The  air-pump  waa  invented  hj  Orro 
VON  GuknicKK^  in  1650. 

A  perspective  view  of  one  of  the  most  common  forms  of  the  air- 
pump  is  given  in  Fig.  87.  The  details  of  its  conatruction  will  bo 
best  studied  from  Figs.  88  and  89  ;  the  former  represenla  a  longi- 


lUnBtrnte.     How  I*  this  minometor  luodf 
When  inveuted,  anil  by  whom  ? 


(135.)  WliRt  Ja  an   Alr-ptuop 


I 


tudinal,  and  the  latter  a  transverse  Feciion.     In  all  of  the  figtrrei<j  tlio 
same  letters  indicate  corresponding  parJs.  '  I 

Tho  air- pump  consistis  of  two  glass  cylindersj  called  barrels^  in  *" 
which  are  pistons,  P  and  Q.  made  of  leather,  thoroughly  soaked  in 
oil.     The  pi.sroii«  nro  uttaclicd  to  rods,  and  arc  elevRted  and  deprcsBcd 
by  a  lever.  NM,  Fig.  89,  whic^h  imparts  an  oscillating  motion  to  a 
pinion,  K.     The  teeth  of  (hm  pinion  engage  with  correRponding  nnea 


Gi9«  a  eompteit  dacripiUm  of  the  nir^pump.    Satrels,    Pisti.iM     R«d«. 
6# 


1 


This  pipe  branches  near  the  cylinders,  one  branch  lending  t^  cac(* 
cylinder,  us  shown  in  Fig.  83.  The  pipe  commnnieates  with  ih0 
cylitiders  by  opeuitigs,  which  may  be  closed  by  c^jtiical  valvoa,  a  and 
b,  Tlio  valves  a  and  b  are  attached  to  rodn  whicli  pass  through  th 
piilonHf  and  fitted  to  slido  with  genllo  friction  an  the  pistonN  ^ov 
Up  and  down.     In  I  he  pistoHH  arc  valvei,  ji  aud  t,  which  are  genii 

HtcM^r,    Pipg.     Taht*.     Vain  rcd§. 


rmsrs  and  otozb  hacuines. 
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\y  spiraL  springjf  &o  as  to  permit  the  caudenscd  a.ir  io  etK^ape 
lljCQ  to  close  the  orifices  in  tbo  valves.     Atl  of  tho  valvea,  a,  k^ 
\  aiid  f,  open  upwards. 

In  explaining  tbe  action  of  tlie  air-pump,  it  will  be  suffi- 
bnt  to  i'onsiiier  a  single  Liirrel,  as  ahowii  in  Fig.  88.     The 

pkoi],  Py  being  at  the  bottoni  of  the  barrel,  the  valves  a 

lod^are  closed.     If  the  piston  be  raised,  the  valve  a  ia 

^iieil,  whilst  the  valve  t  is  kept  closed  by  the  spiral  spring 

W  the  pressure  of  the  ^raosphere.      The  valve  a  is  soon 

eated  by  its  rod  com- 

in  contact  with   tho 

>  of  tho  barrel,  and  it 

I  remains  open  duiing 

he  aaceat  of  P.     The  air 

I  tbe  barrel  above  tho 

ptoti  is   driven  otit  at 

P  opening,  r,  and  that 

'  the  receiver  and  pipe 

^pands  so  as  to  fdl  the 

JOeiver,  pipe,  and  barrel. 

[the  piston,  P,  be  de- 

f688€d,  it  at  once  closes 

'e  valve  a,  and   com- 

ceaaes    the    air   in    the 

Ifrel  till  its  elastic  force 

pomes  great  enough  to 

fee  opisn   the  valve  #, 

ben  it  escapes  into  the 

iiosphere.  Ftisr.  sa. 

!By  this  double  stroke 

jthe  piston,  P,  a  portion  of  the  air  is  exhausted  from  the 
ivcr,  and  if  a  second  double  stroke  be  made,  a  portion 
rhat  remains  may  in  like  manner  be  exhausted,  and  so 
iitil  nearly  a  perfect  vacuum  k  formed  in  the  receiver, 


Deac/ibe  the  netioa  of  tho  alr-ptimp  In  detaU, 
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'    i2,  or  in  any  other  closed  vessel  attached  to  the  pipe  of  tW 

machine, 

^Whnt  has  been  said  of  one  barrel,  is  oquaDy  true  of  tV>^ 
other  ;  iu  fact,  the  iustruiuent,  as  figured,  is  a  double  pun»  JP* 
f\np 


Measure  of  the  Rarefaction  produced. 


tb^B 


120.  In  order  to  measure  the  degree  of  rarefaction  pr 
duced,  a  glass  cylinder^  ^,  Fig,  87,  is  connected  with  tl 
pipe  by  nieans  of  an  opening  throngh  the  cohimn  J,  In  tti»^'^ 
cylinder,  is  a  glass  tube  bent  into  the  form  of  the  letter  CUi 
one  branch  being  closed  at  the  top,  and  the  other  opet^^i* 
TJxe  tube  has  its  closed  branch  filled  with  mercury,  and  ^^ 
called  a  siphon  gauge. 

The  mercury,  under  ordinary  circumstances,  is  kept  in  tl: 
closed  l>ranuh  by  the  atmospheric  pressure,  but  as  tlie  a-  — ^ 
becomes  rarefied  in  the  receiver,  the  tension  of  the  a^:^-— ^ 
becomes  less  and  less,  and  finally  the  mercury  falls  in  tb^^^ 
closed  branch  and  rises  m  the  open  one.  The  difference  o:  -^*'! 
lei^el  between  the  mercury  in  the  t^' o  branches,  is  due  to  th  "^^ 
tension  of  the  rarefied  air,  and  if  this  difft^rence  be  aete^ff^  '^ 
mined  by  means  of  a  proper  scale  attached  to  the  gauge 
the  tension  can  be  found.  Thus,  if  the  differeoce  of  level : 
reduced  to  one  inch,  the  tension  of  tne  air  m  the  receive.  "^ 
will  be  only  one  thirtieth  part  of  the  tension  of  the  exter 
atmosphere. 


£xperiiaert3  with  \h&  Air-pamp. 

ISIT^     We  have  already  described  several  c^cp&ritnents  reqairius 
the  employment  of  tlie  air-p«mpj  suck  as  tho  shower  of  mercury^- 
Fig,  1 :    ihe  Tall   of  bodies  in  a  vacuum j  Fis,  2:    the  bladder  in   «*_ 

I  vacmim,  Fig.  70  :   the  burstiiiiT  membrane^  Fig.  72  :  and  finally,  th^ 

^hemispheres  of  Magdebourgj  Fig.  73. 

( 12^.)  now  niAjtho  degree  of  ramfiw^tioa  be  mBxiiJreilf    Wli»t  b  Ui«  itpbon 
Is^mgef   ExpMa  jls  action  and  ub«. 
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The  Riikchioe  may  be  used  to  show  that  the  ftir  is  nooesnry  to  %h% 

^ppoFi  of  oooibustioa  and  ani- 

'^^  hie.    If  a  Itghted  taper  be 

Placed  under  the  receiver,  aud 

^e  air  exhausted,  the  light  will 

Stow  dim,  and  finally  will  go 

**Ut  entirely.     If  an  animal  or 

«iird  be  placed  under  the   re- 

^kiver,  and  the  air  exhausted,  it 

^^ill  struggle  and  soon  die.  This 

Experiment  ia  shown  in  Fig.  90. 

Animals   and   birds    die   as 

*€>on   as  they  are  placed    in  a 

'Vacuum;  reptiles  support  life 

lopger  when  deprived  of  air.  «s 

to  certain  insects,  ihev  iive  for 

H^any  days  under  an  exhausted 

t^ec^ivar,      Tbey  are  enabled  to 

live  on  ttie  small  supply  of  air 

ii%  Uich  rem ai  us  in  the  receiver^ 

&rter  as  much  of  it  as  possible 

«  extracted.  ^^^  ^ 


^  Presenration  of  Food  in  a  Vacuum. 

19S*  It  has  been  discovered  that  articles  of  food  which  would 
soon  perish  if  exposed  to  the  air,  may  bo  preserved  frosh  for  ii-  long 
time  if  kept  in  a  vacuum, 

l(  fruits,  vegetables,  anil  the  like,  be  placed  in  a  botllo  with 
Water,  and  then  heated  gradually  till  ebullition  takes  place,  all  of  the 
air  will  be  drlveu  out^  being  replaced  by  steam.  If  the  hottlo  in 
corked  and  sealed  in  this  condition,  the  fruit  will  remain  ficsh  for 
years.  On  this  principle,  vast  quantities  of  meat,  fruit,  vegetables, 
and  the  like,  are  prepared  for  naval  and  otlier  purposes.  Instead  of 
bottles,  tin  canisters  may  be  employed,  which,  after  expelling 
air,  are  hermetically  sealed  by  soldering.  j 

' "~"^ " ^^ ~~ ^ . 

( IS7.1  ITote  U  it  »h&um  thai  air  it  ntceMorp  io  combuHioarofd  <mim4U  I 
What  nnimah  imppart  Ufe  loagMi  in  a  vacuum  f  (1JI8«)  Iftficr  fire  artii4 
food  pm^t94d  In  uacua  f     What  appiicaUon«  are  mada  o/iMt  pfiucipl*t 


ISi 
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The  Ooiida&fler. 

129.  A  CoNDEKSEE  is  a  machine  for  condensing  air,  hj 
forcing  large  quantities  into  a  siiiall  space. 

Such  a  machine  m  represented  in  ^'ig,  91.  It  h  filmilar  to 
the  air-pump  in  its  general  constructionj  but  differa  iu  some 
of  its  details.    The  receiver  is  of  very  thick  glass,  and  is 


'■0  't 


Fig.  «L 

confined  upon  the  plate  by  a  second  plate  at  the  top,  which 
is  connected  with  the  bottom  plate  by  four  brass  rods  with 
suitable  screws  and  nuts.  To  prevent  danger  in  case 
rupture,  the  glass  receiver  is  surrounded  by  a  netting] 
strong  wire.  The  four  valves  open  in  a  direction  contr 
to  tiiat  of  the  valves  in  the  air-piunp,  so  that  air  is  forced 


Btffore&ee  between  it  and  the  nir-iitimp  f 


PUMFS    AKD    01*U£n    MACMIKES. 


135 


^to  the  receiver  at  every  double  stroke,  inBtead  of  being 
ejdiaosted,  as  in  tliat  instrument.  Finally,  a  clo&ed  manom- 
eter, m,  is  employed  to  indicate  the  tension  of  the  com- 
pressed air.  The  machine  is  worked  in  the  same  way  as  the 
air-pump. 

A  taper  burns  more  freely  in  compressed  air  IJian  in  ttie  air  under 
tl*e  ordinary  presauro.  Animals  placed  in  compressed  air  do  not 
^Jtperience  any  extraordinary  inconvenience.  In  many  submarin© 
**perations,  it  becomes  necessary  lor  men  to  work  in  an  atniofiphere 
of  compressed  air,  and  it  has  been  found  tbat  no  other  inconvenience 
1*  felt  under  a  pressure  of  three  atmoBpherca,  tlmn  a  painful  sonse  of 
*^nipression  in  the  ears.  This  feeling  takes  place  only  at  the 
Bginnin^  and  eiid  of  the  operationsj  diBappearmg  when  au  equilib- 
iQi  id  established  between  ihc  tension  of  the  air  in  the  internal  ear 
that  without. 

Arti£oial  Fountains. 

1.30.  All  Artificial  Fountain,  is  a  machine  by  means 
which  water  is  forced  upward  in  tlie  form  of  a  jet  by  the 

^nsian  of  compressed  ain  The  most  interesting  instrument 
this  class,  is  that  known  as  Hero's  fountain,  so  named 

^om  its  inventor,  Heeo,  of  Alexandria,  born  120  b.  c. 

Heroes  Fouatain. 

131*     An  ornamental  form  of  Heko's  Fountain  is  sho^rn 

iu  Fig.  92.     It  consists  of  two  globes  of  glass,  connected  by 

two  metallic  tubes.     The  upper  globe  is  surmounted  by  a 

Vraas  basin,  connected  with  the  globes  by  tubes,  as  shown 

iu  the  figure. 

To  use  the  instrument,  the  tube  which  foniis  the  jet  is 
withdrawn,  and  through  the  opening  thus  made,  th«  upper 
globe  is  nearly  filled  with  water,  the  lower  one  containing 
jiir  only.  The  jet  tube  is  then  replaced,  and  some  \iater 
is  poured  into  the  basin. 

Utm  to  tlie  deicr««  of  eondcnsallon  ireAsnred  ?  What  ejieci  has  omdenMitd  air  on 
eambwifkm  t  On  animal  li  e  f  On  (fits&risf  (  1300  What  Is  an  Artificial  Foun- 
tlfa  ?    (  1  SI.)   Describe  Hcho^b  Futititain.    How  fa  it  prepared  for  aie  i 


4 
I 

I 


The  water  in  the  basm,  ncting  by  its  weight,  flows  into 
the  lower  globe,  through  the  tube  shown  on  the  left  of  the 
figure,  aa  indicated  by  the  arrow  head,  Thia  flow  of  water 
into  tfif*  lower  globe  forces  out  a  part,  of  the  air  in  it,  which, 
UHfi'nfliiig  by  the  tube  shown  on  tlie  right  of  the  figui^J 
a(*€nniulatcs  in  tijo  upper  globe.  The  pressure  of  the  J^ 
in  thti  upper  globe,  acting  npon  the  water  in  that  part  o^ 

EvplAtQ  tta  Action. 


I 


Ithe  instrument,  Ibi-oes  a  part  of  it  up  through  the  jet  tul^ 
I  giving  rise  to  a  jet  of  water,  which  may  be  made  to  play  for 
several  hours  without  re-tilling  the  instrument. 

Intermittent  Fountain* 

13^,  An  LsTERMiTFENT  FouTNTAix  is  oue  iu  which  the 
flow  is  iutermittent,  that  is,  in  which  the  flow  takea  place  at 
regular  intei-vals.  Such  touiitabs  exist  in  nature.  Fig.  03 
r^prc*8eDt8  an  artifidal  fountain  of  this  character. 


Fig:  98. 


( 1  aa.)  WbAt  la  AH  IntemiittQat  BohhUAb  1 
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It  conssts  of  a  glass  glabe,  a,  closed  above  by  a  glito 
atopper,  and  having  two  small  tubes  below,  through  which 
water  can  flow  without  interruption.  Tlie  globe  a,  is  sap- 
|K)rted  by  a  hollow  glass  stem,  d^  which,  rising  from  a  mfr 
lalUc  basin,  enters  the  globe  and  reaches  nearly  to  the  top 
of  it.  Around  the  bottom  of  the  tube  d^  are  small  holes,  r, 
through  which  air  can  enter  it,  and  thus  reach  the  opp^r 
l>art  of  the  globe  a,  A  small  spoat,  m,  serves  to  draw  off 
the  water  from  the  basiiu 

To  use  the  instrument,  the  globe  a^  and  the  metallic 
basin,  are  nearly  filled  with  water.  So  long  as  the  holes,  t, 
are  covered  with  water^  no  flow  will  take  place  from  tlie 
globe  a,  but  as  soon  as  the  basin  is  emptied  by  the  spout 
m,  §0  as  to  expose  the  holes,  r,  the  air  enters  the  tube  d^ 
and  reaching  the  globe  a,  the  flow  from  the  two  tubeflcom- 
menceai.  The  flow  will  continue  imtil  the  holes,  c,  are  agiiiu 
Hubmerged,  when  it  will  cease,  and  so  on  as  long  as  any 
water  remains  in  the  globe. 

Of  course  the  capacity  of  the  two  tubes,  attached  to  the 
globe  a,  must  be  greater  than  that  of  the  spout  tn. 


The  Atmoqiliario  lukftaiiiL 
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133.  An  inkstand  has  been  devised  in  accordance  W^*^ 
the  prineiplea  of  atmospheric  pressure,  which,  whilst  p^ 
serving  the  ink  from  evaporation,  is  extremely  simple  in  i^ 
construction. 

Tlie  inkstand,  partially  filled  with  ink^  is  represented  is 
Fig.  94,  The  body  of  the  inkstand  is  air-tight.  Near  the 
bottom  is  a  tube  for  supplying  the  ink  as  wanted,  and  als^ 
for  filling  the  inkstand  when  necessary.  The  inkstand  ^ 
filled  by  turning  it  until  the  tube  is  at  the  top,  when  th6 


I>tiQribe  the  urttBoial  odo  shown  tn  Fig.  08.    Kxpkla  tto  uUcm.    ( 1330  'SJf^^ 
thfl  coiifftraotl(»D  aad  lue  of  tlie  Atmo«pberie  Inkitaiid 


the  tube.   ,7'   invents  tbe 
i„k  from  fl«7S  ;rsed  tW  i« 

the  i^l'^^rM^:  ,0  the  top, 
enters,  and  nsm„  ^.^^  ^^^^ 

one  or  more  o  -   uftiBg  F^P- 

^  8aclP»8  «»  „  «p  is  represented     , 

TiETiNG  r^-^r  ^  '^^^^  to  show 
,..      A  Suc««G  A.-'*  ^J^^  ^,^eV  •«  removed, to 

ri^  oa,  •-  ^-^f  ^  Sn-^*o:  of  the  part.  ^, 

!;ie  c.ar.y  the  reU^^^^  ,t  c^t  «o.^  ,^,  ,  .e- 

It  consists  ot  a  c>  ^^.^^^  *^'""     .jwff  P^F*^'  '^  ^^ 

-   «.«*  of  the  mimp.     I'*"'      ,^^4  the  «^'^"'^/:L  sucWmg  , 

Twbich  is  sho^-n  m  the  hg  ^^^^^^^  ^^t  packed  ^vith 

^^^thin  the/'ft  ;ieo«.    -Tho  P-J- ^  ::a  ao^v^through 


pump*   *** 
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'  Itself  is  pierced  in  its  centre,  and  carries  a  second  valve, 
also  opening  upward,  called  the  puton  valve. 

In  explaining:  the  action  of  this  pnrap,  we  refer  to  Figs, ' 
96,  97,  and  98,  w^liicli  represent  sections  of  the  pinnp  in 
different  states  of  action.     In  all  of  the  figures,  a  is  thai 
Bleeping  valve,  c  the  piston  valve,  and  B  the  sucking  pipe. 


Suppose  the  piston  to  be  at  the  lowest  point  of  its  play ;  * 
there  will  then  he  an  equilibrium  between  the  pressure  of 
the  air  within  the  pump  and  that  without.  When  tho 
piston  is  raised  to  the  highest  point  of  its  play^  the  air  be- 
neath it  is  rarefied,  and  its  tension  dirainished ;  the  tension 
of  the  air  in  the  sucking  pipe  then  forces  up  the  sleeping 
valve,  and  a  portion  of  it  escapes  into  the  barrel.  The  ten- 
sion of  the  air  in  the  sncting  pipe  being  less  than  that  of 


Ptaton  yalre.    ExptaiD  tb«  action  of  this  pixm\^ 
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the  external  utraosphere,  a  quantity  of  water  rises  in 
pipe,  to  restore  the  e^fiuilibrium.  The  water  continuei 
rise  till  its  weight,  increased  by  the  tension  of  the 
in  the  pump,  is  just  equal  to  the  tension  of  the  extenial 
When  the  equiUbrium  is  restored,  the  sleeping  valve  o| 
by  its  own  weight. 

Now,  if  the  piston  be  depressed,  the  air  in  the  ban 
condensed,  forces  open  the  piston  valve,  and  a  poi 
escapes  into  the  external  atmosphere.  If  the  pistol 
raised  again^  an  additional  quantity  of  water  will  be  fo 
into  the  pump,  and  after  one  or  two  strokes  of  the  pii 
it  will  begin  to  flow  into  the  barrel,  as  showTi  in  Fig 

When  the  water  rises  above  the  lowest  limit  of  the  * 
of  the  piston,  the  latter  in  its  descent  will  act  to  comj 
the  water  in  the  barrel  This  pressure  forces  open 
piston  valve,  and  a  portion  of  the  water  passes  above 
piston,  as  shown  in  Fig.  97.  By  continuing  to  elevate 
depress  the  pistotr,  the  water  will  be  raised  higher 
higher  in  tlie  pump,  till  at  length  it  will  flow  fi'Om  the  s| 
as  shown  in  Fig.  08, 

As  the  water  is  raised  in  the  pump  by  atmospheric  pr&B8Qre|, 
necessary  that  the  lowejit  limit  of  tbo  play  of  the  piston  shou^ 
be  more  Iban  34  feet  above  the  surface  of  the  water  in  the  reaeij 
even  at  the  level  of  the  sea.  To  provide  against  barometnc  flui 
tions  and  other  contingencies^  it  is  usual  to  make  this  distance 
■      iiderably  lesB  than  34  feet.  ^^J 

^^^^  The  Foroii^  Pump.  ^^^^M 

las*    In  the  Forcing  Pump,  the  sucking  pipe  maj 
dispensed  with,  and  the  baiTol   plunged  directly  into 
resen^oir,  as   shown   in   Figs,  69    and  1 00,  or   a  sud 
pipe  may  be  employed,  as  will  be  explained  hereafter. 


■        Neat 


U  the  t&icuft  UmU  oftk4  ptof  qfikt  pUUmt   ( iSa'  Wluit  two^ 

to  the  Forctiig  Pomp  T 


Bhall  first  oonsider  the  case  in  which  the  sucking  mt 
omittedL 


PUlfFS    AND     OTHER     MACH 
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Fig.  9ft 


i' ig.  ioa 


H     In  this  case  the  piston  is  solid,  and  Ji  lateral  pipe, 

^^led  the  d^lwery  pi2>e^  is  introduced  below  the  level  of^ 

^^e  lowest  position  of  the  piston.     There  are  two  valves, 

^<ith  fixed,  the  sleeping  valve  a,  as  in  the  Bucking  punap, 

^nd  a  valve  c,  opening  into  the  delivery  pipe.  J 

When  the  piston  is  raised  to  its  highest  position,  as  shownl 

in  Fig.  99,  the  pressure  of  the  atmosphere  on  the  water  in 

tile  reservoir  forces  open  the  sleeping  valve,  and  the  barrel 

is  filled  with  water  up  to  the  bottom  of  the  piston,  when 

the  sleeping  valve  closes  by  its  own  weight.     On  depressmg 

the  piston^  the  valve  c,  is  forced  open,  and  a  portion  of  the 

water  in  the  barrel  is  forced  into  the  delivery  pipe.    When 


t 


DMerfbe  tbe  pbtoD.   T2l«  d«ltTei7  pipe.    SxpUiu  tli«  dctkn  of  tbe  forditg  ^mir 
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the  piflton  reaches  its  lowest  portion,  the  weight  of 
water  in  the  delivery  pipe  closed  the  valve  c^  and  prevea^ 
the  water  in  the  delivery  pipe  from  returning  ioto 
barrel. 

By  continually  raising  and  depressing  the  piston,  addiJ 
tional  qnantities  of  water  are  forced  into  the  deliv^jy  pip 
which   finally  escape   from  the  spottt  at   the   top  of  the 
delivery  pijMs,  as  shown  in  Fig,  100. 

To  regulate  the  flow  of  the  water  through  the  delivery  pipejUM" 
to  facilitate  the  working  of  the  purap.  an  air-vessel  is  generally  in- 
iroduoed,  as  will  be  eatplained  in  ilio  next  article.  Sometimes  tk 
working  ia  rendered  uniform  by  eombiuing  two  forcing  pump*  ia 
nuch  a  manner  J  that  the  piston  of  the  one  aaoendB,  whilst  that  of  the 
other  descends.  This  combination  is  also  explainad  in  the  next 
article. 

The  oil  in  a  carcel-lamp  is  forced  up  into  the  wick  by  a  doiiWe 
forcing  pumpj  moved  by  clock-work. 


The  Fire  Enfine, 


I  I  J?.  A  Fire  Engine  ia  a  double  forcing  pump,  haying 
I  its  delivery  pipe  composed  of  leather  or  other  flexible 
I  materiaL  It  is  used,  as  itg  name  implies,  for  extinguishing 
I    firegi. 

Fig,,  101  ehowB  a  section  of  the  essential  parts  of  a  fire 
engine.  In  this  figure,  PQ  ia  the  lever  to  which  are  at- 
tached the  piston  rods,  that  move  the  pistons  m  and  « ;  M 
ia  an  air-vcHsel  with  two  valves,  one  admitting  water  from 
each  haiTel  •  Z  ia  the  entrance  to  the  hose  or  delivery 
pipe ;  M  and  Jf  are  rods  sustaining  the  framework  of  thu 
niiichine. 

The  two  barrels  are  plunpfed  into  a  reservoir  which  ia* 
kept  supplied  %nth  water.    This  water  flows  mto  a  space 


fftne  in  tk*  Jtow  rfgulaUdf    ffme  U  th^  w&rHng  rendered  unijbr^f     ffowit 
(fi4  Mi  raittd  tn  a  oanstl^mp  f   ( 1 8T.)  What  k  a  FIrt  Ei^lDe  ?    Dev^flM  It 
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kth  the  barrels  through  holes  represented  on  the  right 
left  of  the  figure,  and  from  thence  is  forced  into  the 
el  in   a  nianner  entirely  similar  tc  that  explained  in 


r  ^p~% 


Tig.  101. 


last  article.  "Wlien  the  water  h  forced  into  the  air- 
Bel  /?,  the  ail*  ia  at  first  corapresaed,  after  which  it  acts 
r>y  its  tension  to  force  u  eoDtinuous  current  throogh  the 
bse, 

L 

rTlm  lever  is  provided  with  long  handles  at  ri^ht  angles  to  its 
eiiffth,  so  that  it  mny  be  worked  by  eeveral  men   acting  together. 

riihin   a  few  years  many  i  m  prove  me  nt*?   have   been   introduced 
the  fire  engine,  one  o*'  ibe  moat  important  bein^  the  application 
f  steam  as  a  motor. 


I  How  is 


How  is  tt  in  pplied  wttli  witer  *    Bim  U  «  wdnewfl^rad  t 
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Fig.  101 


I 


The  Sucking  and  Forcing  Pomp. 

138*  This  differs  from  the  simple  forcing  purapdescnTx 
in  Ai*t,  130,  in  having  a  sucking  pipe  and  an  air-^ei 
It  consists  of  a  barrel.  A,  a  encking 
pipe,  B,  a  sleeping  valye,  0,  and  a 
solid  piston,  C,  worked  by  a  lev^r,  Fy 
and  piston  rod,  D,  A  pipe  leads  from 
the  bottom  of  the  barrel,  through  a 
sleeping  valve,  F^  into  an  air-vessel, 
K,  The  delivery  pipe,  II,  enters  the 
air-chamber  at  its  top  and  extends 
nearly  to  tiie  bottom. 

To  explai  ii  the  action  of  the  pump, 
snppose  it  empty  and  the  piston  at 
ita  lowest  position  ;  when  it  is  raised 
to  ita   highest  position,  the  air  in 
the  barrel  ia  rarefied,  the  tension  of  the  air  in  the  sncVinl 
pipe  forces  open  the  valve,  0,  and  a  portion  of  it  Qm^^ 
into  the  barrel;   the  water  is  then  fu.  iied  up  the  suck- 
ing pipe  by  the  tension  of  the  exteraal  air  acting  on 
the  surface  of  the  water  in  the  reservoir  until  an  equilib- 
rium is  produced,  when  the  valve,  (x,  closes  by  its  own 
weight.    If  the  piston  be  again  depi*essed  to  its  lowest  limit, 
the  air  in  the  barrel  ia  condensed  until  its  tension  exceeds 
that  of  the  external  air,  when  it  forces  open  the  valve,  f* 
and  a  portion  escapes  into  the  air-vessel     After  a  few 
-  double  strokes  of  the  piston  the  water  rises  through  th*^ 
valve,  Gf  and  the  action  becomes  the  same  as  in  the  pump 
described  in  Art.  136;  with  the  exception  of  the  air-vea* 
sc!,  which  serves  t^o  keep  up  a  continuous  stream  through 
the  delivery  pipe.    The  piston  ought  not  to  be  more  than 
34  feet  above  the  reservoir.     The  spout,  P,  may  be  at  any 
height  above  JC. 


1. 


(138.)  Ue^cribe  the  tucking  and  fotxtng  pump  And  tu  mod*  of  ftclUm, 
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The  Siphon* 

la©.    The  Siphon  is  a  beot  lube,  by  means  ol  whicnal 
^quid  may  be  transferred  froni  one  reservoir  to  another,  ovt-r 
intermediate  elevation.     The  siphon  may  be  used  with  j 
idvantage  when  it  is  required  to  draw  off  the  upper  portion 
ll>f  a  Jiqnid   without   disturbing  the  lower  portion.     This 
operation  is  called  decant  in ff^ 


The  siphon  consists  of  two  branches  of  unequal  lengths,  aa 
showTi  in  Fig,  103,  The  shoiler  one  is  plunged  into  tho 
liquid  to  be  decanted,  and  the  flow  takes  place  from  tho 
longer  one. 

To  use  the  siphon,  it  must  firet  be  filled  with  the  liquid,  Thii 
operation  may  be  effected  by  applying  Ihe  mouth  to  Ihe  outer  end  of 

IC1S9>   Wbftt  1b  «  Btpbonf    Wben  may  It  bo  used  witb  advantMn^f     Wli«t  la 
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Ibe  fiipLooj  md  exhausting  the  air  by  auction,  or  it  may  be  inrei 
and  filled  by  pouring  in  the  liquid,  aud  stopping  both  ends,  aflj 
vhich  it  is  again  iiiveded,  care  being  taken  to  open  both  ends  &tli 
'tame  iiislant.     Sometimes  a  sucking  pipe  is  employed  to  exhanBE  t 
air  and  till  the  siphon. 

Whon  the  flow  commeneeaj  It  will  oontinne  until  the  liquid  in  t 
fir»t  reservoir  falls  below  the  level  of  the  end  of  the  siphon. 

To  understand  the  action  of  the  siphon,  we  must  eonsid 
the  forces  called  into  play.  The  water  is  urged  fromj 
towards  ^,  by  the  pressure  of  the  atmosphere  on  the  fluid  i 
the  reservoir,  together  with  the  weiglit  of  the  water  m  i 
outer  branch  of  the  siphou  ;  that  is,  by  the  weight  of  I 
column  of  water  whose  height  is  cib.  This  motion  ii  i 
tarded  by  the  pressure  of  the  atmosphere  at  by  togethen 
the  weight  of  the  fluid  in  the  inner  branch  ;  that  is,  by  I 
weight  of  a  column  whose  height  is  cd.  The  difference  i 
these  forces  is  the  weight  of  a  column  of  the  liquid  who8< 
height  is  the  excess  of  ab  over  cdj  and  it  is  by  the  action  of 
this  force  that  the  flow  is  kept  up.  The  greater  this  differ- 
ence the  more  rapid  will  be  the  flow,  and  the  less  this 
difference  the  slower  the  liquid  will  escape.  When  tto^ 
difference  becomes  zero,  the  flow  ceases  altogether. 

The  siphon  is  used  for  conveying  water  over  hiils,  but  for  iWs 
purposo  tho  highest  point  of  the  tube  should  not  be  more  than  thii^T 
feet  above  the  level  of  the  water  in  the  reservoir^  Ihb  being  about 
the  height  at  which  the  atmosphoric  pressure  will  sustain  a  columtt 
of  water. 

If  a  siphon  be  mounted  on  a  piece  of  cork,  so  as  to  sink  as  the  level 
of  the  fluid  falls,  the  flow  will  be  constant.     Such  a  siphon  is  < 
a  siphon  of  constant  flow. 


Um»  hnff  win  ih^Jtow  amtinu*  f    ExpUln  tlie  pdDcipId  and  Mtioa  of  the  sipbon 
In  detitll    How  htffh  ain  wiler  &e  raiwd  by  a  Hj^i4m  f    I>6»erib4  a  tipAtm  ttf  cei^ 


14^     li  has  been  sliown  liiat  a  bodjr  plooged  into  a 
fiqiud  is  buojed  up  bjr  a  force  eqaal  to  the  weight  of  the 

displaced  liquid.     That  a  similar  effect  is  {produced  apoD  a 

body  in   the  atmosphere^ 

TTiay  be  sho\ni  by  means 

of  an  Instrument  called  a 

iorotcope^  which  is  repre- 

ietited  in  Fig.  104, 
The  Baroscope  consists 

of  a  beam  hke  that  of  a 

balance,  from  one  extrem- 
ity of  which  is  suspended 

*IiolJow  sphere  of  copper, 
■d  from  the  other  ex- 
^bnitf  a  solid  sphere  of 
^lA.    These  are  made  to 

l>alance  each  other  in  the 

itinosphere. 
If  the    instrument  he 

l>Wd  under  the  receiver 

tan  air-pump  and  the 
exhausted,  the  copper 
,  ere  will  descend.  This 
BiiQWg  that  in  the  air  it 
vas  buoyed  up  by  a  force 
grieatcr  than  that  exerted  Fig.  io4 

Qpon  the   leaden    spliere. 

K  now,  the  leaden  sphere  be  increased  by  a  weight  vqnnX 
to  that  of  a  volume  of  air  equal  to  the  bulk  of  the  cof^pt-r 


i  1 40 )  Wlal  Inrtnunent  b  iiaed  to  ihow  ttw  bttoytni  tflbrt  of  tl»  iir  f    P«Milt»f 
^Biwcot>ft>    ExplAiB  its  hm. 
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sphore  diminished  by  thfit  of  the  leaden  sphere,  it  will 
fuuiKi,  after  the   air  is  exhausted,  that  the   balance  is 
equilibrium.     This  shows  that  the  buoyant  effoit  is  equal  tol 
the  weight  of  air  displacecl.     Hence  we   have  the  follow*' 
int;    principle,    entirely    analogous    to    the     principle  of 

AllCHIMEDES  : 

When  a  body  is  plunged  into  a  g(u^  it  is  buoyed  up  hj 
a  force  equcd  to  t/te  weight  of  the  displaced  gas. 

If  the  buoyant  effort  is  greater  than  the  weight  of  the  b^v,  tHe 
latter  will  rise  ;  if  it  is  less,  the  body  will  fa]]  ;  if  the  two  are  eq^a*) 
l]io  body  wi]l  float  ia  the  aiinospliere  without  either  riBing  or  falling- 

Smolve,  for  eiamplc,  rises,  because  it  is  lighter  than  ihe  air  wbicfc 
it  displjicPB.  It  cou<iriues  to  rise  until  it  reaches  a  stratum  of  air  | 
where  its  weiglit  ia  just  equal  to  that  of  the  displaced  air,  when  it 
will  oonie  \o  rest  and  remain  suspended.  A  noap-bubble  filled  with 
warm  air  floats  for  a  considerable  time  in  the  atuioapherCj  beinS 
nearly  of  the  same  weight  as  the  displaced  air. 

Tke  BaUoon. 

141-  ABatj-oon  is  a  spherical  envelope  filled  with  6oni« 
gas  lighter  than  the  air. 

Balloons  are  of  very  different  sizes,  and  are  filled  with  gssoB  of  very 
different  specific  gravities,  and  consequently  capable  of  raising  terj 
different  weights  in  ascending  to  the  upper  regions  of  the  attnosph*^- 

The  first  balloon  was  constructed  by  Stephen  nnd  Joseph  Moi*^ 
GOLFiEaf  two  brothersj  iu  1783.     It  was  made  of  linen,  lined  widi 
paper.     It  was  about  forty  feet  in  diameter,  and  weighed  560  lljs- 
It  was  filled  with  heated  air  and  smoke,  furnished  by  buniing  Vr'el* 
straw,  paper,  and  V\r  lilte,  under  the  balloon,  the  lower  part  of  whiisl™ 
was  Kfl  oppn  to  receive  it.     The  balloon  rose  to  a  heij?ht  of  mor© 
than  a  mile,  but  it  food  became  cooled  in  the  upper  regions  of  t] 
air  and  fell  to  the  earth. 


Q\v9  thti  law  of  baoynncy,     Wh^n.  ioilZ  a  hody  Hm  in,  f^a  ftimo«ph6rsf 
JitU  f    Wh^n  remain  nttUral  T    Etpamples.    (141.)  Wlut  is  a  BftUoon  t    0^m  i 
account  ttfths  mrtp  hUiorp  a/lmlhoning. 
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In  the  following  August^  two  broiherB,  namod  ErmsHT,  conatractod 

m>  balloon  of  silk  saturated  with  India-rubbcr,  and  hUed  it  with 
"hydrogen  gae.  The  asceuaiotial  power  of  this  balloon  wii»  very 
great,  aod  being  set  loose  in  Pari**,  it  rose  with  great  rapidity,  and  at 
the  end  of  four  minuiea  had  reached  a  bcii^irt  of  nearly  a  IhoHsand 
yards,  when  it  was  lost  sight  of  by  entering  a  cloud.  It  descended 
fifteen  miles  from  PariSj  to  the  astonisUnient  of  the  people  who  saw  ilkf 

IBumes'  of  filling  a  Balloon  and  making  an  ascent. 

143*  Ballootia  may  be  ^ed  either  with  hydrogen  or  with  illu- 
ttiinating  gas,  which  itt  a  compound  of  carbon  and  hydrogen.  On 
aoQotint  of  the  readiness  with  which  the  latter  gas  can  1>e  obtained, 
together  with  its  choapnesfi,  it  is  generally  employed.  The  envelope 
is  tfiide  of  silk,  rendered  air-ttght  by  sortie  kind  of  vamiah,  and  is 
strengthened  b^*  a  network  of  cords.  Thi«  network  also  serves  to 
sotiaia  a  wicker  basket,  or  car,  in  which  the  aeronaut  is  seated. 

¥\g.  105  represents  the  method  of  filling  a  balloon,  and  preparing 
it  for  an  ascension.  Two  masts  arc  erected  at  a  suitable  distance 
from  each  other,  at  the  tops  o(  which  are  pulJeys.  A  rojie  passing 
throagh  a  loop  at  the  top  of  the  balloon,  also  passes  over  the  pulleys, 

IiUtd  serves  to  raise  the  balloon  during  the  process  of  filling. 
When  the  process  of  filling  commences,  the  balloon  ia  raised  till 
it  is  three  or  four  feet  above  the  ground,  when  the  gas  is  introduced 
V  oieana  of  a  pipe  or  hose  which  connects  with  a  gamwielor.  As 
Ihe  balloon  fills  with  gas  it  is  held  down  by  ropes,  and  whon  oom- 
plfilely  filled,  the  opening  is  closed,  and  the  car  attached.  Care 
should  be  taken  not  to  fill  the  balloon  completely^  a£  the  gaaexpAtids 
'D  rising,  and  unless  an  allowance  is  made  for  this  increase  of 
volume,  the  balloon  mi^ht  be  ruptured. 

To  regulate  the  ascent^ioual  powerj  the  car  is  ballasted  by  sand, 
contained  in  small  bags.  Everything  beiog  ready,  the  ropei*  are 
detached t  and  the  balloon  ascends  with  greater  or  less  velocity, 
according  to  the  ascensional  force,  that  ia,  the  excess  of  the  buoyant 
effort  over  the  weight  of  the  entire  balloon  and  its  cargo. 

When  the  aeronaut  finds  that  he  does  not  ascend  fast  enough,  ho 
iocreases  the  ascensional  force  by  emptying  one  or  more  of  the  sand 

Ht   (14ft.)  WUkvihatarAbaUoonHjtlledr    JS!x^>latn  iks  msthod  qf  JUUnQ  a  haOoim. 
Mow  it  th*  atemiHonalpowtr  rtgulaUd  t 
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To  rrniiti^r  ihr\  deieent  lefts  ilifliDult,  the  Beronaut  is  provided  ' 
411  iim'ln>r  or  grapple,  •usponfJeii  Irom  a  cord,  by  means  of  which  1 
u»iii  mmo  upon  HOiiie  torrentnal  object  when  he  comet  near  theearlh. 
Whim  ihi^  anchor  im  made  fast^  the  aeronaut  drawts  down  the  balloon 
by  ]Hilliu|{  upou  the  cord.  The  anchor,  the  tand  bags,  and  the 
wlokor  oftf,  ftro  represented  on  the  ground  in  Fi§.  JOS. 


ffow  40M  thi  anvnaui  mate  J^H  to  iA4t  wtfih  in  dmcending 
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At  the  top  of  the  balloon  is  a  valve  kept  elo&ed  by  a  ipring;  tt 
be  opened  by  means  of  a  siring  descending  Ibrough  the  balloon 

the  car  of  the   aeronaut.     When   he  wishes  lo  dcBcend,  he  oi>en» 
be  valve,  and  allows  a  portion  of  the  gtis  to  escape.     To  asecrtaiii         | 
whether  he  is  ascending  or  descending^  the  aeronaut  is  provided  with         ' 
a  barometer  i  "when  asH^ending,  the  barometric  uoiutim  falls,  and  when 
descending,  it  rises.     By  means  of  the  barotneter  the  heiglit  at  any 
lime  may  bo  determined. 


I 


The  Parachute. 


143.  A  Pabachute  is  an  apparatus  by  mean  a  of  which 
an  aeronaut  may  abandon  his  balloon,  and  descend  slowly 
to  the  earth, 

I  The  form  and  construction  of  a  parachute  is  shown  in 
fig,  106.  It  consists  of  circular  piece  of  cloth,  15  or  16  feet 
in  diameter,  presenting,  when  spread,  tlie  form  of  a  huge 
umbrella.  Tlie  ribs  arc  made  of  cords,  wbi^hj  being  con- 
linaed,  are  attached  to  a  wicker  car,  as  shown  in  the  figure. 
When  the  aeronaut  wishes  to  descend  in  the  parachute,  lie  enters 
the  car  and  detaches  the  parachute  from  the  balloon.  At  first  he 
descends  with  immense  rapidity,  but  the  air  !i;oon  spreads  the  cloth, 

»,ftfid  then  acting  by  its  resistance,  Ihe  velocity  in  dimiuishedj  and  tha 
Aeronaut  reaches  the  earth  withont  injury*  A  bole  is  made  at  the 
fentre  of  the  parachute,  which,  by  allowing  a  part  of  the  cornpreased 
lir  to  escape,  directs  the  descent  and  prevents  violent  oscillationa 
that  might  prove  dangerous. 

The  parachute  was  first  tried  by  Blanchard,  who  placed  a  dog  in 

the  car,  and   detached   it  from   the  balloon.     A  whirlwind   arrested 

its  descent  and  carried  it  up  above  the  clouds,  where  Blanchahd 

^on  after  fell  in  with  i^^  to  tho   great  joy  of  the  poor  animal.     A 

^beunront  again  separaied  ihe  two  voyageurp,  but  both  reached   tho 

^"earth  in  safety,  the  dog  being  the  last  to  dcseeud. 

J.  Gakskrin  was  the  first  man  who  ventured  to  descend  in  a 
parachute,  which  he  did  by  detach  in??  himself  from  a  balloon  at  the 


What  is  th6  UM  fif  tha  ©o/t?*  at  th*  top  t     What  is  th^  use  q/  ihe  haromeUrl 
1(1 431.)  Wb*t  la  ft  Parachnte f    Dcicrtbp  it.    Ecfipt<jin  iU  «*«  and  actifm. 
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leiglit  of  a  thousaud  yards  above  the  surface   of  Ihe  earlb.     Ho 
le^pended  in  safety. 


B44. 


Remarkable  Balloon  JUoeoMionB, 


|44«  The  first  asqeniiort  waa  made  in  October,  17B3,  by  Dr 
liozixK.  His  balloon  waa  filled  with  heated  air,  and  waa  cotiEned  by 
i  ropc^  so  that  he  only  rose  to  a  height  of  about  a  huudred  feet.  In  Ibe 
ToUowing  year  De  Rozier  and  D' Arlandes  ascended  in  a  fire  balloon 
from  the  Bois  do  Boulogne,  and  after  a  voyage  of  twenty-five  minutes 
I  hey  descended  on  the  other  side  of  Paris.  In  a  gubi^equent  as^cent 
Dr  Rozier  lost  his  life  in  consequence  of  his  balloon  taking  fire.  In 
1785,  Blawchard  and  Jeffrikls  crossed  the  English  Channel  from 
Dover  to  Calais.  During  the  voyage  tlicy  had  to  throw  overboard 
all  of  their  ballast,  then  their  instrutnenis,  and  finally  Iheir  clothin^i 
to  lij»hten  the  balloon.  In  1804,  Gay  Lussac  ascended  to  the  heighl 
of  23,000  feet  above  the  level  of  the  j=ca.  At  this  height  the  baro- 
metric column  fell  to  12.6  inches,  and  the  thermometer,  which  at  , 
Lhe  surface  of  the  earth  was  Sl'j  fell  to  9i°  below  0. 

At  such  heights,  substances  which  absorb  niofjitnre,  like  pajaer  and  ^ 
parchment,  bccorae  dry  and  crisp  as  if  h  n.ted  in  an  oven,  respira- 
tion becomes  difficult,  and  the  circulation  is  quickened  on  account  of . 
the  rarefaction  of  the   air.     Gat  Li's^sac  relates,  that  his  pulse  roFel 
from  66  to  120.     The  sky  becomes  almost  black,  and   the  pilence 
that  prevails  is  frightful.     After  a  voyage  of  six  hours,  Gay  Lcssac 
descended,  having  travelled  about  ninety  miles. 

On  the  Ist  of  July,  1859,  Messrs.  WiSK,  La  MountaiNj  Gagkr, 
and  Httdi:,  ascended  from  St'  Louis,  Mo,,  and  dei^ccnded  at  Hender- 
Bon,  Jefferson  Co.,  N.  Y.,  having  travelled  1150  milca  in  a  little  les 
(han  twenty  hours,  or  about  tilLy-scven  miles  per  hour.  This  is  1 
most  celebrated  voyage  on  Jecord. 

During  the  recent  siege  of  Paris  balloona  were  successtnlly  em- 
ployed aa  a  means  of  communication  between  the  forces  within  the 
city  and  those  without  the  lines  of  the  enemy.  Balloons  have  also  been 
^aed  for  making  obeeryations  in  the  higher  regions  of  the  atmosphere, 

^^44.)  De*tT{ba  tome  of  th«  moei  r^marJbiljU  MU4wn  Aacm^iofiJt.    That  qf 
RoMKH.    Of  BLAircHARn  and  Jetfmw.     0/  Gay  LrwAo      WhM  efect  ha*  ths 


gm^trph€r4  ai  grtat  i 


IhaoHibA  <^  Qr^itt  Arnerkan  voyage,    Utm- 


CHAPTER    IV, 

ACOUBTICS. 


1.  —  PRODUCTION      AND      FROPAaATIOH      Of     SOtm^- 


Definitioii  of  AcooBtics. 

145.  Acoustics  is  that  branch  of  Physics  winch  treat* 
of  the  laws  of  generation  aud  propagation  of  sound.  ' 

Definitioii  of  Sound. 

146.  SouKD  is  a  motion  of  matter  capable  of  affiecUug 
the  ear  with  a  senaation  peculiar  lo  that  organ, 

Sound  is  caused  by  the  vibration  of  8omo  body,  and  vfi 
transmitted  by  successive  vibrations  to  the  ear.  The  orig^ 
nal  vibrating  liody  is  said  to  be  sonorous,  A  body  wlM 
transmits  sound  is  called  a  medlmn.  The  principal  medium 
of  sound  is  the  atmosphere ;  wood,  the  metals,  water,  Aci 
are  nlso  media. 


.t" 


Fig.  lOT, 


Let  us  tfl.kej  for  illu8tratii>]i^  &  stretched  cord  which  is  miule  19] 
vibrate  by  a  bow^  as  in  a  vioUn,  for  example.     When  the  cord  is 
drawn  from  its  position  of  rest,  ucb^  Fig.  i07,  to  the  poeltton  o<f^, 
every  point  of  the  cord  is  drawn  from  its  pOHilion  of  equilibrium ; 

(145.)  What  is  AcoubUcs r  ( 1 4ft.)  Wliot  fs  Sonnd  !  What  la  Its  CKOie  ?  Ho' 
U  trucismjttcd?  What  ie  &  «ou&rouA  bi>d77  A  medium!  Examples.  Ei^piaim 
xttLrating  conk 
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^*^  it  is  ttbandoned,  it  lends,  by  virtue  of  ila  elafilicijy»  lo  return  to 

E*^itnitive  state.     In  returning  to  tliis  position,  it  does  so  with  a 

*^ity  tiiat  carries  it  psisi  acb  to  af^,  trom  wkieii  it  returns  again 

*y  to adb^  and  so  on  vibrating  backwaid  and  forward,  until,  alter 

I  ^'^^a.t  ttamber  of  oscillations,  it  at  lenglli  tximea  to  resu 


Sound-waves  in  Air. — Mode  of  Propagation. 

^47,  Sound-wayes  are  produced  in  the  air  by  the  vibm- 

*^*^   of  some  flonorouB  body*     When  the  body  movea  for- 

^^^  it  strikes  the  air  in  iront  of  it  and  condenses  a  strattmi 

*'QOae  thickness  depends  on  the  rapidity  of  vibration  j  the 

Particles  of  til  is  stratum  impart  tht^  eondeogation  to  those 


I 


'/M. 
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Fig.  1G8. 

of  the  next*  and  these  m  turn  to  those  of  the  next  and  so 
on;  the  condensation  tluis  transmitted  outward  is  called       , 
the  concerned  pulse.     When  the  body  moves  backward,  the  fl 
air  in  front  of  it  follows  and  produces  rarefaction  in  a  ^ 
stratum  whose  thickness  depends  on  the  rapidity  of  vibra- 
tion ;  this  causes  a  backward  movement  and  conserpient 
rarefaction  in  the  next  stratum,  which  is  transmitt^^d  to  ^ 
the  next,  and  so  on ;  the  rarefaction  thus  propagated  ont-  H 
ward  is  called  the  rarefied  jmhe.     Each  complete  vibration       ' 
of  the  sonorous  body  generates  a  condensed  and  a  rarefied 
pulse,  and  these  taken  together  consfcitnfce  a  sound-wave. 


Hi  fbovn  in  FtgnLtt  106, 


itdrnri 


Tbe  nue  si  wliicli  Ite  i 
tbe  ditlaiice  Ibtough  utiidi  it  obvAb  Um 
tbe  mmomm  bodj  ii  His  Mtt  A^i*/  ^ 
•Iwqrs  cqii«l  to  »*«  Tdoci^  of  aMud  <fi 
TibfmtkmainofketeoMMi    Iteieniarawi 
flifoufb  tbe  air,  list  lli£  indiiidiHa  ] 
Mul  Oo  in  the  directknn  of  wmTe  ptop^gnioa, moyi^  imnvdinltol 
pMMAge  of  ilie  coodeosed  and  bttckuwii  ob  the  pamigi  of  the  m^  i 
tied  pulse ;  the  diftUmce  throqgli  wliicli  ea^h  fiartiriB  oiciTlalffl  ii 
culled  tiie  ampUittde  qf  li&rvtM  of  llie  paztide. 

Any  two  partid^  situated  im  a  &BemtlicdiRctk>DcCiini|Hk^^ 
and  a  (lisluiice  &om  each  other  eqps^  u*  a  -ware  io^th,  aie  alwijfi 
liiovlitjf  in  the  same  directioo  aad  with  eqiml  virkiciticB;  oidi  piftir 
ctea  ore  aidd  to  be  in  the  aame  pham.  All  the  partielea  ct^nj  wsre 
that  are  in  the  aaoie  phase  are  on  the  sarCu:^  of  ft  qplueie,  wbidi  is  | 
(uiUed  a  tMve  front 


Superpoaitioii  of  Sonnd-i 

IfM*  1 1  is  to  be  remark^  that  many  soimds  may  lie 
tmu emitted  through  the  air  Bimultaneonsly.  This  shows 
that  the  SfJiind-waves  cross  each  other  without  modification. 
In  listening  t^  a  concert  of  instrnments,  a  practiced  ear  can 
detect  the  particular  «onnd  of  each  instrument 

8(im('timoa  an  inlcnfle  sniind  coverR  tip  or  drowns  a  niore  (feeW 
onci ;  ihiw,  tlic  Hfiiind  of  a  drum  mip^ht  drown  that  of  the  human  vnio 
Homrtiiin's  fvvh\Q  sounds,  widch  are  too  faint  to  be  heard  sepuratel^ 
Ijy  tlu'lr  union  prtxhicc  a  sort  of  mnrmiir*     8ucb  is  the  cause  of  i 
iniirinnr  of  waves,  the  niatling  sound  of  a  breeze  playing  throng 
tbt*  lirnvi'H  of  a  forest,  and  the  indistinct  bum  of  a  distant  city. 

U  liiiH  ber-n  shown  that  two  Bonnd-waves  may,  under  certain  cir- 
f'titn»tancie»,  neutralize  each  other,  producing  silence.  - 

Whni  I*  ths  Ptheitif  <^  toundf  The  irave  kmffth  f  77i^  ampHtude  0/  i>ihrafim 
flfnjiarHet^f  lt§air<tmtmr  Awam/hnUf  (148.)  Do  winnd-wav««  iorcrfera 
wuh  itmch  othorV  progj-Mi  ?   HowpHowbT   mrptain  the  murmur  qf  l«avm,  fFoMf. 
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Sound  is  not  propsigated  in  a  Vacuom, 

i.  That  some  medium  ia  necessary  for  the  trans- 
m  of  sound,  may  be  shown  by  the  following  experi- 

glass  globe  with  a  stop-cock,  is  suspended  a  bell,  as 

in  Fig.  109,  When  the  globe  is 
b^  the  sonnd  of  the  bell  is  distinctly 
,  If  the  air- be  exhausted  from  the 
,  no  sound  is  heard  when  the  globe 

;en. 

\  experiment  may  be  performed 
irise  as  foKows  : 

»ell  is  placed  under  the  receiver  of 
Ir-pump,  provided  with  a  striking 
Situs  set  ia  motion  by  clock-work. 

the  air  is  exhausted,  the  strokes 

hammer  on  the  bell  are  distinctly  heard,  but  as  the 
exhausted  the  sound  becomes  fainter  and  fiiinter,  till 
t  it  ceases  to  be  heard. 

'  the  complete  success  of  this  experiment,  the  bell  and 
work  should  be  placed  upon  a  cushion,  of  some  sub- 
I  which  does  not  readily  transmit  sound. 

icending  high  mountains^  the  air  becomes  rarefied,  and  a  cor- 
fling  diminution  in  the  iiitensily  of  sounds  is  ohfierved, 
[HE,  on  firing  a  pistol  on  the  Bummit  of  Mt.  Blauc,  reports 
produced  only  a  feeble  sound,  like  that  heard  od  breaking  & 


Fig.  100. 
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pagation  of  Sound  in  liqujas  and  SolidB. 

Sound  is  transmitted,  not  only  by  gases,  but  also  by 
p  and  solids.     Divers  hear  sounds  from  the  shore  when 


i)  How  Sb  It  shown  that  aound  1b  not  tniii§mltted  In  a  vaouttm !  Another 
«f  abovlDg  the  Mune  thing.  £^*ici  of  devatiofi  on  90und^  (  1 50i>  ll«w  li 
ft  tbftt  Uqafdii  and  aoHda  tr&ii'imit  soandaf 
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uoder  water,  and  soundB  made  under  water  are  hetrd  ( 
liore^     A  slight  sound  made  at  one  eod  of  a  long  i 
aber  IB  dbtinctly  heard  bj  an  ear  at  the  other  eo 
when  it  might  be  inaudible  at  an  equal  distance  throa 
air. 

The  earth  transmits  aoimdfi,  and  br  pladng  the  ear  in  c 
tact  with  it,  sounds  may  be  distlngnii^ied  at  a  great  ( 
Thin  method  of  hearing  approaching  footsteps  of  men  < 
animiilH,  is  weO  understood  by  hunters.    In  the  coDStnictK)* 
of  Buliterrancan  galleries  for  mining  parposee^  the  mnet »] 
^  often  guided,  as  to  the  direction  he  should  take,  by  sono^j 
sniitted  through  large  masses  of  earth  and  rock. 


Velocity  of  Sound  in  the  Jlir. 

1 9 1  *  That  sound  occupies  an  appreciable  time  in  paflsiiig 
ft'om  ]mnt  to  point  may  be  shown  by  many  foraHiar  ex* 
ain]flt*8.  If  we  notice  a  man  cutting  wood  at  a  distance,  ^^^ 
porfXHvo  til  lit  his  axe  falls  some  time  before  the  sound  of  ib^ 
blow  reiiclit's  the  ear.  If  a  gun  is  discharged,  we  see  the 
flawh  before  we  hear  the  report.  In  like  manner  the  flfl^ 
of  lightning  is  seen  before  we  hear  the  thunder. 

lu  ]822,  a  number  of  scientltic  men  undertook  a  series  o|_ 
very  nice  experiments  to  determine  the  velocity  of  soufl^B 

iThey  plareil  a  cannon  on  llii^  hill  of  Montlery,  near  Pa^ 
and  anotlier  on  a  pliiin  near  Ville-Juit^  the  distance  between 
them  being  01,047  feet.     At  each  station  twelve  discharges 

taWero  made  nt   intervals   of  ten   minutes;    the    discharge* 

Filternating  between  the  stations  at  intervals  of  five  minutes' 
ObBervei*s  placed  at  each  station  observed  the  intervals  of 

itime  that  elapsed  between  seeing  the  flash  and  hearing  the 
eport  of  the  cannon   at  the  other  station.     The  average 


How  h  H  flIiowTj  that  the  *artli  trtnemlta  aoundf  Tllastrate*  (  ISi;)  How  la  It 
B^owTi  that  (Kmnd  reqniret  an  appreciable  time  to  paes  from  plai»  to  fim^t 
lUustTftt«.    Esplfltn  Uio  ejEiHJriiiienti  made  near  Pirli 
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\terval  was  54.6  seconds,  and  the  temperature  waa  61*^  F^j" 
le  actual  velocity  was  found  to  be  1118  feet  per  second, 
f'^vhich,  after  correcting  for  temperature,  gave  U*tiO  feet  per 
1  Becoud  for  the  temperature  '^2^  h\    Tlie  velocity  inci-eaaea 
^bout  1  foot  per  second  lor  each  degree  of  Fahrenheit 


^ 
* 


Velocity  ol  Sound  in  liiquids  and  SolidA. 

153,  Liqaids  and  sohda  transmit  sound  more  rapidly 
than  air-     Experiments  made  by  transmitting  sound  aerosdv^tf 
^be  Lake  of  Geneva,  in  Switzerland,  show  that  the  velocity  ^ 
^  Bound  in  water  is  about  4700  feet  per  second,  which  is       j 
^ore  tban  four  times  its  velocity  in  air. 

That  sound  travels  faster  in  iron  than  in  air,  may  be 
*hown  by  placing  the  ear  at  one  extremity  of  a  long  iron 
W  or  tube,  whilst  it  is  etrnck  on  the  other  end  with  a 
hanamer.  Two  sounds  will  be  heard,  the  first  transmitted 
through  the  iron,  and  the  second  through  the  air. 

Reflection  and  Re&actioEi  of  Bonnd. 

153.  Sound-waves  in  air  emanating  from  a  point  move 
in  concentric  spheres;  if  they  meet  an  obstacle,  they; 
turned  back,  forming  a  new  set  of  vvaves  whose  common 
centre  is  as  far  behind  the  obstacle  as  the  generating  point 
is  in  front  of  it  This  phenomenon  is  calhd  rrfledion,  and 
the  two  sets  of  waves  are  called  inmdent  and  rejfeded  waves. 
A  ray  of  sound  is  a  line  along  which  sound  acts;  it  is  nor- 
mal, or  perpendicular  to  the  wave  fronts,  and  consequently 
its  direction  passes  through  their  centre*  A  line  drawn  to 
any  point  of  the  reflecting  surface  from  the  centre  of  inci- 
dent waves,  is  an  incident  ray  ;  a  line  drawn  through  the 
same  |K)int  from  the  centre  of  reflected  waves,  is  a  reflected 
ray  ;  the  point  itself  is  ih^  point  of  incidence.  ^H 

What  l«  the  Telocity  of  ponnd  at  33'  P.  »    At  what  rate  douP  it  incrpane  with  the  ^i 
tetiipeniture  ?    (1  a3«)  How  was  it  phown  t^nt  pound  travels  lii?ter  in  water  tlmn 
in  air?    In  iron  than  «]r?    (158.)  What  ii*  rL'flection T    ImcLdetit  and  reilected 
wav«e  ?    iBOidest  uid  reflected  rajs  ? 


J 
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Let  1,  /,  Lkj  incideot  waves  whose  oentte  is  C;  W;  W,  reflected  | 
Wavus  wlioee  centre  is  C;  and  P^;  a  normal  to  the  reflecting  sui- ' 
IT  face,  AB,  at  the  point  ?■  ' 

Then   is  €P  an   incident  I 
ray;    PR  a  receded  ray;  j 
and  P  is  the  point  of  inci- 
dence.   The  angle,  CFN,  U  | 
called  th6  ang^  of  irycid^m, 
and  NPR  is  called  the  angle  I 
of  reflection.     The  incident  I 
and  reflected  rays  He  in  i  | 
plane  normal  to  the  refled- 1 
^'  ing  SQTface  at  the  point  of  ( 

knciflence,  and  the  angles  of  incidence  and  reflection  are  equal 

Rii' fraction  is  the  change  of  din?ctioii  experienced  by»| 
ray  when  it  piisses  obliquely  from  one  medium  to  another, 

Let  /,  /,  be  waves  whose  centre  isC,  incident  on  the  surface  ABA 
whif'h  separates  two  media,  and  let  IT,  TT,  be  modified  waves  iaj 
^  the    second    medium.     If 

sound  travel  at  different 
rates  in  the  two  media,  the 
modified  waves  in  Uie  sco^ 
ond  medium  will  have  their 
centre  at  some  point,  (7,  on 
tlie  pei-pendicular  to  AB 
through  0.  If  the  velocity 
in  the  second  medium  be 
less  llian  in  the  first,  G  will 
be  further  from  AB  than  C, 
otherwise  the  point  C  wil 
be  between  Cand  AB,  8u] 
poae  the  former  case,  and  let  NN*  lie  a  norniul  to  the  deviating  sui 
face  AB  at  P;  then  ia  CP  an  incident  ray ;  PM  a  refracted  ray ; 
(U^N  the  angk  of  meidtm4^  ;  N'PB  [ha  uTtgk  of  refraction  ;  and  C PC 
is  the  iimonnl  of  rrfmctthiK  The  angles  of  incidence  and  rcfrncti 
are  in  a  (>lane  normid  to  the  deviating  sorOice  at  (he  point  of  inciden 
and  the  sine  oftlH^angle  of  incidence  is  equal  to  llie  sine  of  the  angle 
reft-action  nvultiplied  by  a  constant  quantity,  called  the  r^fractite  indt 

Wh(U  r^iatim  €H«U  between  the  ineidtnt  and  P^«ct«d  ray*  f    Define  reftmctlo 
Wliat  in  the  liicldout  my  ?    The  re/tactcd  ray  I    Thi  relalion  betwoea  them  f 


Fig.  IMkL 
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Echoes. 

IM.  Au  echo  is  a  souod  repeated  by  retiection.  In  order 
Bkt  the  echo  of  any  souod  may  be  clearly  heard,  tlie  reflect- 
ig  surface  ought  to  be  bo  far  distaDt  from  the  listener  blb 
to  require  at  least  the  fifth  of  a  second  for  Bound  to  travel 
toitaud  return, 

tit  is  not  possible  to  prooonnce  or  to  hear  distinctly  more  thau  five 
Hftble^t  in  a  second.  Tlie  velocity  of  sound  being  1090  feet  per 
^tul)  it  follows  that  sound  travels  218  feet  in  one  fifth  of  a  second. 
then,  an  obstacle  be  placed  at  the  distance  of  109  feet,  sound  will 
Ro  to  it  and  return  m  one  ifth  of  a  second.  At  the  distance  of  109 
^Otit^  the  last  syllable  only  of  the  echo  will  reach  the  ear  after  the 
Sentence  is  pronounced.  Such  an  echo  l&  called  monosyllabic ,  If 
the  echo  takej?  place  from  an  obstacle  at  a  diBtance  of  218  feet,  we 
hear  two  syllables;  that  i»,  the  echo  is  dissyUabk.  At  digtaneoB  of 
327  feet,  the  echo  is  (risifUabic.  and  so  on. 

Sound  may  be  reflected  from  several  objects  situated  in 
different  directions  and  at  different  distances.  Such  echoes 
are  called  tnuUiple  echoes.  It  is  said  that  at  a  place  three 
leagues  from  Yerdun,  a  multiple  echo  formed  by  parallel 
walla  fifty  or  sixty  yards  apart,  repeats  a  sound  twelve  times. 
At  the  chateau  of  Simonnetta,  in  Italy,  tiiere  is  an  echo 
which  repeats  the  report  of  a  pistol  from  forty  to  tiily 
times. 

Echoes  modify  the  tones  of  sound.  Some  repeat  sounds 
with  a  rougliened,  others  with  a  softened  tone  j  some  with 

aeering,  others  with  a  plaintive  accent. 


r 


ReaoiiaQce. 


155.    When  sounds  are  reflected  from  obstacles  at  a  les?^ 
distance  than  109  feet,  the  reflected  sound  is  superposed 


WtiBt  ie  an  echo  1    It»  cause !    Exjdain  th$  fnonoifpliabic,  diayUatic,  und  trUei^' 
UUAc  tehoes.    Whjit  are  mnltiple  echoes  ?   Examplee,    What  efifect  bavd  cchoea  on 
i  of  »  Bound  1    (1  a  5  •)  What  la  a  Hesoaance  t 


i 
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1$4  rOPULAB    FHTSIC8. 

ttpon  the  direct  one,  giving  rise  to  a  strengthened  eoM 
which  is  called  a  Eesonance. 

It  is  the  teBotianoe  from  the  walls  of  a  room  that  makeB  it  eiisie' 
to  speak  in  a  closed  spartmeDt  than  in  the  open  air.  The  resoum^ 
18  more»  elearly  perceived  when  the  wnlla  are  elastic.  In  i^'"" 
where  there  are  carpets,  curtains,  stuffed  furniture,  and  the  like,  iha 
sound- waves  are  hroken  up,  and  the  re«onance  is  diminished ,  bol  in 
kmses  where  there  is  no  furniture,  the  resonance  is  strengtheneil. 
Heaoe  it  ih,  that  the  sound  of  voioefi,  footf^tcjis,  and  the  like,  is  so 
strongly  marked  in  deserted  and  unfurnished  huiidings. 

Intensity  of  SoaniL 

lftd«  The  intensity  of  sound  depends  on  the  force  with 
which  it  strikes  the  ear.  It  varies  very  nearly  as  the  square 
of  the  amplitude  of  vibration  of  the  ffirial  particles.  Some 
of  the  causes  that  modify  the  intensity  of  sound  are  noticed 
in  the  following  article. 

Oauiea  that  modify  the  Oharactar  of  Sound. 

ItIT,  The  following  are  some  of  the  causes  that  modify 
tne  hitensity  and  rate  of  propagation  of  sound  : 

1.  It  is  shown  by  theoiy  and  confirmed  by  experiment, 
that  the  intensity  of  sound  dimiriishes  as  the  square  of  the 
distance  from  tlic  sonorous  body  increases. 

This  is  expressed  by  saying  that^  the  intsnsitt/ of  sound 
imries  inmrsehj  as  t/ie  square  of  the  distance  J)rom  the 
sonorous  body* 

2.  The  intensity  of  sound  diminishea  with  the  amplitude  ^ 

of  the  vibration  of  the  aerial  particles.  ■ 

When  a  cord  vibrates,  the  sound  ia  observed  to  diminish  as  the 
vibrations  become  RmaUer,  and  when  the  vibrations  cease,  the  soun 


niuHtaU  by  weampiw,    ( 1 50.)  What  U  Inlenrity  f    On  what  depend  !    (1 ST4 
What  «re  the  laws  of  IntoualtyT    L  Effljct  of  dlatance  ?    2.  AmpUtado  of  vJbnUton  f 


^    WHal 
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FRODUCnON  AND  PROPAGATION  OF  SOUNB. 

^  no  longer  heard.  The  amplitude  of  vibration  of  the  Bonomofl 
liody  determines  ihs  lengthy  or  ampUiude  of  the  Tibratioiis  of  the  mxiaX 
particles. 

3.  The  density  of  the  air  modifies  sound.  When  the 
air  ia  rarefied,  the  intensity  la  diminished.  This  fact  has 
been  shown  by  the  experiment  of  a  bell  in  an  exhausted 
deceiver. 


The  presence  of  watery  vapor  iii  the  air  alao  modifies  sound ^  that 
^Ubfttance  being  a  good  conductor  of  sound.  When  the  air  is  cooled^ 
^t  becomes  more  dense,  hcnce^  sounds  are  louder  in  cold  than  in 
^arm  weather. 

^  4,  The  wind  modifies  sound.  The  velocity  of  Bound  is 
increased  or  diminished  by  the  velocity  of  the  wind,  accord- 
ing aa  the  direction  of  the  wind  conspires  with  or  opposes 
^he  propagation. 

The  effect  of  the  wind  is  to  move  the  whole  mass  of  air,  carrying 
^long  the  sound- waves  unaltered. 

5.  Sound  is  increased  in  intensity  when  the  sonorous  body 
is  in  contact  with,  or  even  in  the  neighborhood  of  another 
body  capable  of  vibrating  in  unison  with  it. 

^  Hence,  the  sound  of  a  vibrating  cord  is  reinforced  or  Btrengtheoed 
■  stretching  it  over  a  thin  box  filled  with  air,  as  in  the  violin.  In 
is  case  the  air  in  the  body  of  the  violin  vibrates  in  unison  with 
the  cord.  The  ancients  placed  in  their  theatres  vessels  of  brass,  to 
teinforce  and  strengthen  the  voices  of  the  actora. 


I 


Ijit^niity  of  Soimdfl  in  Tubes. 
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158.     When  a  sound  is  transmitted  through  a  tube,  the 
Bound-waves  can  not  diverge  laterally,  and  consequently  the 


IZZiMfpol^.    a.  Bemtty  of  Uie  air?    lUustraU,    1  Hoir  does  wind  modtff  sound  f 
EAwt  of  »  aelghbarlog  eonoroud  b-odyt    lUuttrat*.    (168.)  Wbftt 
ibe«n  MOuadT 


d 


J"  mcaws  of  the  speaking  Irumpet,  the  voice  of  the  captain  can 
leanl  above  the  noise  of  the  winds  and  wares  in  a  t  em  pest. 
Ning  to  Father  Ktrchcr,  Alexander  the  Grkat  employed  a 
iking  trumpet  in  comraanding  bis  armieB, 

Be  effect  of  the  speak  in?  tranjpet  haa  been  eiplained  by  succes- 
reflections  of  BOund-vi/avf«  from  the  stcnoroua  materiaJ  of  which 
instrument  is  eornpoBedj  by  virtue  of  which  the  voice  istrana^ 
ed  only  in  the  direction  of  the  tube. 

It  the  fact  is,  that  sound  is  tranBmitted  in  all  directionaj  which 
Id  indicate  that  its  effect  slionld  be  attributed  to  a  reinforcement 
le  voicse  by  the  vibration  of  the  colomn  of  air  contained  in  llie 
tpet,  according  to  the  principle  that  sound  is  reinforced  by  an 
iary  vibrating  body. 


ffQ¥'  U  M«  ^td  ofth$  tpeaktng  tfumptt  mtj)la4n4d  f 


i 


It  ia  simply  the  speaking  trumpet  reversed.  It  serve* 
collect  and  cMincentrate  the  Bound-wavea,  which  are  tl 
enabled  to  produce  a  more  fKiwerful  impression  on  the  dli 
of  the  ear.  The  shape  of  the  ear  in  man  and  k 
auoh  m  to  perform  the  function  of  the  trumpet. 


tl,  —  MUfltCAL      80Tn»II8. 


Bifferezice  betweon  a   Musical  Sound  and 


lai.     A  Musical  Sound  results  from  a  successioii 

i vibrations  of  equal  duration.      Such  vibrations  are  cm 
isochronal  j 

i 


r     ( laO,)  Whfct  )i  an  Ear  Trumpet?     Hovr  tioea  It  dllTeT  fh»m  tbo 
V  Ut  U  Its  UW3  r    (  I « 1,)  Wh»t  lu  a  Muslcttl  Souiid ! 


^ 


MUSICAL    SOtmDS.  ^PP^         16S 

^^€iSE  results  from  a  single  impulse,  or  from  a  successto 

vibrations   of  miequal  diu-atiou,     Tims,  tbe  crack  of  a1 

^bip^  the  discharge  of  a  pistol,  the  rattling  of  thunder,  or  ] 

^e  roar  of  the  waves  of  the  ocean,  are  destitute  of  musical  | 

**lu€^  and  are  simply  noises. 

Pitch  ci  SoimdB.— Miiaio. 

1«3-    The  Pitch  of  a  muBical  souud  depends  upon  the 
I  ^'■^quencf  of  the  viljrations.    Those  sounds  which  result  from 
Very  rapid  vihrations,  are  called  aciUCj  whilst  those  which 
*^e  from  very  slow  vibrations,  are  called  ^rave. 

The  terms  aoatc  and  grave  are  relative  ;  thu.s,  a  given  sound  may 
"C  acute  with  respect  to  a  second,  whilst  it  is  gra.v©  with  respect  to 
^  iHii-d  ;  thusj  a  sound  which  corresponds  to  160  vibrations,  is  acute 
^'itli  respect  to  one  corresponding  to  80  vibrations,  and  grave  with 
respect  to  one  corresponding  to  320  vibrations  per  second.  A  well 
^iranged  and  happy  combination  of  grave  and  acute  sounds  accord- 
iug  to  the  principles  of  harmony,  constitutes  music. 


I 


limita  of  perceptible  Sotrnds* 


^ 


163.  M.  Satakt  investignted  the  suhject  of  sound  with 
respect  to  the  number  of  vibrations,  corresponding  to  the 
most  grave  and  acute  sounds  perceptible  by  the  human 
ear,  by  means  of  an  apparatus  devised  for  that  purpose. 

As  the  result  of  his  investigations,  he  concluded  that  the 
gravest  perceptible  sound  was  produced  by  10  vibrations 
per  second,  and  the  most  acute  by  48,000  vibrations  per 
second.  Allowing  1090  feet  as  the  velocity  of  sound,  we 
find  for  the  length  of  the  waves,  corresponding  to  the 
gravest  tiounds,  68  feet,  and  f^^r  the  len<;th  corresponding 
to  the  most  acute  sounds,  a  little  more  than  a  quarter  of 
an  inch* 


4 
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Wliat  la  R  Xatoe  T  162.  What  dot»  Pitch  depend  upoa  f  What  Is  an  mmte  sound  f 
A  grav«  one  I  JUusiraU  by  tmampUif.  What  is  muxic  f  (  J63.>  Wlio  Inveati- 
g«ted  tte  Hmlte  of  nudlble  sonoda  ?    Give  the  reBalts  of  his  Vn^esti^nWou. 


IM.     'File  ear  not  onlj  dktiiigMiiei  between  p^ 

AoutHlN — which  is  most  grave,  and  wfaid&  is  niosl  aciite-lKot 
it  uIko  nl)|»]T'ciatc^tl  the  relations  betweeti  the  omnberofTibn* 
iiujm  eorrt'H|Kimling  to  each.  We  can  not  recogniae  wWer 
■  for  one  mnmd  tlio  number  of  viliratlons  is  preeiadT  tvft, 
llirir,  or  tinir  times  i\s  great  as  for  another,  bat  irlicn  tk 
tuiiiihor  of  vibratif>na  tiorreqxynding  to  two  snecesive  or 
niumltiinc(MiH  miundH  have  to  each  other  a  simple  ratio,  thfse 
McnirHlH  excite  uti  ugreeable  impresaon,  which  Taries 
i\w  reliition  between  the  two  sounds. 

l\'iHn  i\m  ]>rir»ci[ile  there  results  a  series  of  sounds  eB 
ftcleri/.ud  hy  re  I  uti  on  s  wliich  have  their  origin  in  the  nali 
of  our  tnentul  organization,  and  which  constitnte  wh 
called  a  Mnmcal  Hcale. 


In  Uiti  scale  eoiinda  recur  in  the  Bame  ordei  in  groups  of  sevei* 
^BacIi  (frt>xip  con  flirt  litres  wimt  is  culled  a  gamut  of  seven  notes.  The 
iiot(^n  inn  niimt'tl,  do^  tf ,  mi.fa^  ml^  la,  Ht,  but  they  are  usually  deooN 
by  Uiti  Ictlcri*,  i\  D»  K,  F,  G,  A,  B,  The  relation  between  these  noW 
In  glvtMi  111  tlio  tJibU?  Iwlow,  n  denoting  the  number  of  yibratl 
Cc*rr«iHMmding  to  tbo  nate  0 1 


C, 


E, 


F, 


G, 


r'** 


What  orv  tht  nmtf*  In  Hnging  r    Whm  qt«  twnds  in  uniion  f    (1 84.)  ' 
ft  MttPleil  Scftlr  Ua^tanutr   How  ar«  the  notca  named  • 
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llie  number  of  vibratioiis  coirespondiDg  to  any  note  may  be 
1  by  an  instrument  called  a  siren, 

Intervalft. — ^Accords. 


mea^      i 


ie5.  An  interval  is  the  ratio  of  the  nnmber  of  vibrations 
Corresponding  to  any  note  to  the  number  corresponding  to 
*^ine  higher  note. 

The  intervals  between  consecutive  notes,  called  seconds,  ib  given  in 
**ie  following  table ; 

C  to  D,    D  to  E,    E  to  P,    F  to  G,    G  to  A,    A  to  B,    B  to  0; 
»  10  le  9  10  9  J6 

8*  9'  15*  W  9'  a'  15' 

If  the  Interval  comprise  ttpo,  thrse.f&ur^  Arc,  »even  notes^  It  is  called, 
^  ifiird,  a  fourth^  ajtfthf  &a,  an  eighth^  or  an  octufse  ;  thus,  tlie  interval 
between  C  and  E  is  ii  tfdrd,  and  ia  equal  to  J ;  the  interval  from  0  to 
^iaa/owr^,  and  is  equal  to  |;  the  interval  from  any  note  to  the 
^x\  note  of  the  same  name  is  an  octave,  and  is  always  cqnal  to  % 

Tlie  coexistence  of  several  sounds  is  called  an  (tccord, 
When  the  ear  can  distinguish,  without  fatiguCj  the  relation 
between  two  sounds,  which  is  the  case  when  tbia  relation  is 
simple,  the  coexistence  of  these  sounds  is  called  a  consO" 
I  nance  ;  when  the  ear  ia  painfully  affected  by  the  coexist- 
ence, it  is  called  a  dUsonafwe. 

The  most  simple  accord  Is  the  unison^  in  whieb  the  number  of 
vibrations  are  equal ;  then  comefi  the  octave^  in  which  the  number  of 
vibrations,  corresponding  to  one  sound,  is  double  that  corresponding 
to  the  other ;  then  the  fifth^  in  which  the  numbers  are  as  ^  to  2  ; 
then  the  fourth^  in  which  the  numbers  arc  as  4  to  3 ;  and  finally 
the  third,  in  which  the  ratio  is  that  of  5  to  4. 

When  the  numbers  of  vibrations  corresponding  to  three  simultane- 
ous sounds,  are  as  4,  5,  and  6,  the  combination  is  called  a  perfect 
accord.     For  examploj  the  notes  c,    E,    o,  form  a  perfect  accord,  as 

<  1S5*)  WliBt  \B  an  Interval?  What  is  a  thirds  foitr&h  Jifth,  HxtA,  **c«n<A, 
octave  F  Wbat  la  an  Accord?  A  CoosoiLance?  A  DIsaonaDca!  What  it  tht  Hm- 
pUtt  aee&rdf    Tha  next  HmpUttf   -Ww*  thres  in  order  f    What  U  a  per/Mi 
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do  the  notes   G,    b,    d,     Tkese  acoords  produce  upon  the  ear    tl^^ 
moat  agreeable  seasation. 


■  llie  Timing  Fork: 

166.    A  TumNG  Fork  is  an  instniraent  used  in  tMiiog  \ 
musical  instruments  of  fixed  sounds,  like  the  piano. 

It  consists  of  a  plate  of  steel,  bent  into  tlie  shape  of  t*li^  I 
letter  F»  mountecl  upon  a  wooden  box,  as  shown  in  Fig.  1 1 4* 
The  wooden  box  is  open  at  one  extremity,  aad  serves    ^^ 


reinforce  the  sound,  which  would  otherwise  be  feeble. 
Ibrk  is  made  to  sound  by  drawing  across  one  of  its  branct*  ^® 
a  violin  bow,  or  by  straining  the  branches  apart  by  a  wec^  ^^^ 
of  wood  or  metal,  and  then  suddenly  withdrawing  it,       ^-^^ 
finally,  by  striking  one  of  the  branches  with  a  ^oltd  bo-^^--^^* 
^*he  tuning  fork  is  usually  constructed  so  as  to  sound  the 
liich  corresponds  to  856  vibrations  per  second* 


(  J06L;  Whit  is  a  TuQlug  Fork?    BcMtibe  it.    How  b  It  mwle  to  tooBd! 


HCTSICAL    SOUNDS* 


TranflVdiw   VibratioiiB  of  Cords. 


I 


» 


I 


!•?•  We  have  already  seen  (Art,  146)»  that  when  a 
retched  cord  ia  dra\ra  from  its  position  of  equilibrium 
Ld  abandoned,  it  returns  to  its  position  of  rest  by  a  suo* 

!^saion  of  contiutially  decreasing  vibrations. 

Cords  used  in  musical  instruments  are  generally  made  of 
<5atgnt,  or  of  tmsted  wirea.  They  are  made  to  vibrate  by 
^ Rawing  a  bow  across  thera»  as  in  tbe  violin ;  by  drawing 
^bem  aside,  as  in  the  harp ;  or  by  percussion  ivitli  little 
hammer 8 J  as  in  tbe  piano.  In  all  of  these  cases,  the  vibra- 
^om  are  trans  versa! ^  that  is,  the  movements  take  place 
Perpendicularly  to  the  db^ection  of  the  cord. 


Iiawi  of  Transverval  Vibrations  of  Cordi. 

I6§.  The  number  of  vibrations  of  a  stretched  cord  in 
^tiy  given  time,  as  in  one  second,  for  example,  depends  npon 
^ts  length,  its  thitikness,  its  tension,  and  its  density.  The 
following  are  the  laws  tbat  govern  the  number  of  vibrations 
in  a  fixed  time  : 

L  The  tension  bein^  constant  the  number  of  mhrations 
i^aries  inversely  as  its  length. 

If  a  given  cord  makes  18  vibraHon«  per  second,  it  ■will  make  36  if 
its  length  be  redaced  to  one  lialfj  54  if  its  length  be  reduced  to  one 
third,  and  so  on.  This  property  is  utilized  in  the  violin.  By  apply- 
iog  the  finger,  we  virtually  reduce  the  length  of  the  vibrating  porlion 
'Mi  pleasure. 

2.  The  temion  and  length  being  the  same^  the  number  of 
tibrations  varies  inversely  as  its  diameter. 

Small  cords  vibrate  more  rapidly  than  large  ones,  and  con- 
Bcquently  render  more   acute  &ounds.     A  cord  of  any  given  siae 


( 1 8T.)  Of  whit  are  thohIcaI  card*  nmdu  !  Uow  set  In  vtbmtlon  in  dll!©f«nt  ijiitm* 
me&tsT  (  1 68.)  Upan  what  does  ttie  number  of  vlbratloni  of  a  cord  depSBd  ?  Wliat 
l»  the  flret  Iftw  r    lUtutraU,    Tlie  &ecoii4  law  ?    lUu^lraU, 


I 


I 


makes  twice  as  many  vibrations  m  one  of  double  the  size.    Othe> 
things  being  equal,  the  notes  rcDdered  differ  by  an  octave.  J 

3.  Tfie  Ungtli  and  size  being  the  same^  the  number  of^ 
vibrations  varies  €ts  the  square  root  of  the  tension. 

If  a  Qord  renders  a  ^iven  note,  it  wiU^  if  its  tension  be  quadnipldj 
render  &  note  an  octave  bighefj  and  so  on.  This  property  is  utilised 
in  stnogod  instruments  by  means  of  an  apparatus  for  increasing  oi 
dimmisliing  the  tension  at  pleasure. 

4.  Other  things  being  equals  the  number  of  mbratl 
varies  inversely  as  the  square  root  of  the  density^ 

Dense  cords  render  graver  notes  than  those  of  less  density.  SmoU^ 
lightj  and  short  cords,  strongly  stretchedj  yield  acute  notes.  Large, 
dense,  and  Jong  cords,  not  strongly  strekhed,  yield  grave  notes. 

Vetification  of  the  Ijawa  of  Vibratioii. 

16»-     The  laws  enunciated  in  the  preceding  article  maj 
be  verified  by  means  of  an  instrument  caOed  a  Sonon 
shown  in  Fig.  115. 


'ofi^H 


Fig.  ItSw 


The  sonometer  is  said  to  have  been  invented  by  Ptthai 
ouas,  about  600  years  before  our  era.     In  its  present  fo 


4 


The  third  law  Y    TUmtrfrt^   Thefborth  lawf    lUuttrats.    ( 1 69.)  Hoir  laaf 


SlAftll^I 
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consists  of  a  wooden  box  about  four  feet  in  length,  upon 
bick  are  mounted  two  fixed  bridges*,  A  and  i?,  and  a 
ovable  one,  D.  On  these  bridges,  two  cords,  6*2?  and 
-5,  fastened  firmly  at  one  end  find  passing  over  pulleys  at 
;the  other  end,  are  stretched  by  means  of  weights,  P. 

Let  the  cords  bo  exactly  alik«  and  stretched  by  equal 
heights.  If  the  bridge  J9,  be  moved  m  as  to  render  CD 
^aal  to  one  half  of  AB^  the  notes  of  the  two  cords  will 
Wer  hy  an  octave  ;|that  is,  CD  will  vibrate  t\vice  a«  fast 
^8  AB,  If  CD  be  made  equal  to  one  third  of  AB^  by 
'^OYbg  the  bridge  2>,  the  former  will  vibrate  three  times 
^  fet  aa  the  latter,  and  so  on.  This  verifies  the  ^first  law. 
To  verify  the  second  law,  we  remove  the  bridge  />,  and 
^  two  cords,  one  of  which  is  twice  as  large  as  the  other, 
^^  will  be  fonnd  that  the  notes  yielded  will  differ  by  an 
•octave.  If  one  cord  be  taken  three  times  as  large  as  the 
^tHer,  the  latter  w4!l  be  found  to  vibrate  three  times  as 
*^  m  the  foi-mer. 

To  verify  the  third  law%  let  the  two  cords  be  alike,  and 

stretch  one  by  a  weight  four  times  as  great  as  that  employed 

to  stretch  the  other.     The  notes  will  differ  by  an  octave. 

If  the  stretching  force  in  one,  is  nine  times  that  in  the  other 

case,  the  former  w\W  vibrate  three  times  as  fiist  as  the  latter^ 

and  so  on. 

To  verily  the  fourth  law,  we  make  use  of  cords  equal  in 

^length,  sizye^  and  equally  stretched,  but  of  different  densities, 

^^^will  be  found  that  the  law^  is  verified  in  each  case 

■•>^ 

^^^^   s^  Stringed  laBtrmneiits. 

^"     17^    All  stringed  instrumonta  of  music  are  constructed 
in  accordance  with  the  preceding  laws.     They  are  divided 
■into  instruments  with  Jixed  smmds^  and  inatruments  with 
riable  sounds. 

jymctfbBit     How  \b  the  flret  law  rertfled?     The  iwsondf     The  tMrdf     Tha 
Ijborth?    (170.)  How  are  Btrlnxed  Instraments  daasedt 


^ 
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To  the  former  class  belong  the  piano,  the  harp^  Ac   Th^ 
re  li  cord  for  each  note,  or  else  an  arrangement  is 
■fio  that  by  placbig  the  finger  at  certam  points,  as  ia| 
guitar,  the  sume  cord  may  be  made  to  render  seyeral 
in  8uc4*e9sion* 

To  the  latter  class  belong  the  violin,  the  violoncello,  Jbc 
Tfiey  are  provided  with  corda  of  catgut,  or  sometimes  d' 
loet^l,  put  in  vibration  by  a  bow.  Various  arrangements 
arc  made  for  regulating  the  notes,  %uch  as  increasing  the 
tension,  placing  the  finger  upon  the  cords,  and  the  Klic. 
Tliese  inntrunients  are  difficult  to  pby  upon,  and  require 
great  nicety  of  ear,  Init  in  the  hands  of  skillful  players  they 
poBSess  great  power.  They  are  the  sotd  of  the  orchestra, 
and  it  is  for  thera  that  the  finest  pieces  of  music  have  been 
composed. 

Sound  &om    FipeB# 

171.  When  the  air  in  apipe^  or  hollow  tube,  is  put  into 
vibration,  it  yields  a  sound.  In  this  case,  it  is  the  air  which 
is  the  sonorous  body,  the  nature  of  the  sound  depending 
upon  the  form  of  the  pipe  and  the  manner  in  which  the 
vibrations  of  its  contained  air  are  produced. 

To  produce  a  sound  from  a  pipe,  the  contained  air  must 
bo  thrown  into  a  succession  of  rapid  condensations  and 
rarefactions,  which  is  eflected  by  introducing  a  current  of 
air  througli  a  suitable  mmith-piece.  Two  principal  forms  are 
given  to  the  niouth-picce,  in  one  of  which  the  parts  remain 
fixed,  and  in  the  other  there  is  a  movable  tongue,  called 
a  reed, 

Pipea  with  fi2:ed  Mouth-pieoefl. 

I7'l*     Pipes  with   fixed   niouih-pieces    are   of  wooc 
uic^ial,  roetangular  or  cylindrical,  and  always  of  considerable 
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►oa  or 
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K*iim[>|hn  of  pftiih  oTass,    Which  ura  most  (Itfflctilt  to  play  rapnn  f    (  t  Tl.)  What  i 
Mill  rnxumtm  body  \n  tljo  cm^v  of  &  pipe  ?     Row  thrown  Into  vibration  ?     What  ia  » 
'n .111(1,. pi 000?     How  many  formn?     (112.)  Wlat  are  the  chunicturlatlc*  of  pip 


or  pip«^ 


through  which  &ir  is  forced  into  it.  The  air  pajFsea  through  a  narrow 
opening^,  i,  called  the  vent.  Opposite  Ihc  vent  is  an  opening  in  the 
«ide  of  the  pipe,  called  the  mouth.  The  upper  border,  a,  of  the 
mouth,  is  bevelled,  nnd  is  called  the  vppcr  tip.  the  lower  border  is  not 
bevelled,  and  is  called  the  lower  Up. 


Ikioribe  ihs  mouth-pivu^    7^  eent,    Thit  m^uth.    Tfce  lipl. 


Tbo  Qyrrtnt  of  w  feteei  ifen 

%ip\mf  jip,  <•  e0m[frtmtdf  sad  kf'  a 
lii|  uiirttKit|  iinU  for  ts  iail«ftl  ainiii  iL 
in  \mUni^  for  Um  oontpraMcd  air  laii  ■ 
|«Hi  |i««rniHtirig  tbo  flow.    H^sMMrhi 

•I*  HM, 

1'Nii  iMiiil Ilium)  »rrejit  and  release  of  Ifee  cosnafc  gifltfct^ 
«iji«oi»«»lon  rif  vibrtiLloiuif  which 
i^dimlnii  nl  Ion  HI  In  nml  rapid 
iMNiiU  Itf  a  inirttuiiiiiiin  ioufid.    Tlie  i 
Mill  liiM-rriii  titlnHliir!4Hl  u  itronger,  md  sal 
iinmiM'  UiiA  vmit 

l'*lll  t  Ifl  riiprf^iniiln  n  Moond  form  of  orsmA  pipe,  wti 
III  «rmMlmi  In  Kiu,  ]  HI  Thb  ii  hut  a  modtfiealiaB  af  tki 
f^^jthiUiHl,     Tltn  Inltorn  iudicute  IJje  same  parts  aa  m  i 

l<'ii{   lUO  (Tijiri^nnniji  tlio  form  of  the  nxmth-pieee  of  1 
MMil  H  will  lio  nr^rn  (hat  it  h<0t.n«  a  eloae  reaemUsBea !» At ]*l^ 
itl( canity  rtplnlnrHl, 

hi  lti*«  riulr,  tin  dtmnlng  b  mode  in  the  side  of  tlie  pipe,  aai  ^ 
itih'Ni  nnd  Htm  nf  IIm^  curroiitara  eifected  by  the arraageaieal  of  t^ 


Raad  Pipes. 

t  f  H  ♦  In  1  { ic  K I  *  Pn '  liw  tlio  III  out  li-piece  h  prorided  witl 
II  vihMitlirg  tunj^yis  rnlliMl  a  Rtedyhy  means  of  wbkh  th 
nil'  In  |nit  III  vihrntian.  To  this  dass  belong  the  clarione 
tlm  hiuitlitiVi  n\u\  tiro  like.  The  reed  may  be  so  arrange 
m  in  ln«iit  ii^nhiHt  \)w  «idea  <jf  the  opening,  or  it  may  play 
fVtmly  ihrtnigli  thn  opening  in  the  tube.  fl 

L  FitfN,  I*ii  It  I  It  I  \'2\\  kJiow  the  rirmnsGtnr?nl  of  a  reed  of  the  flrBt  kind, 

I      A  \]\tHM^  fii*  niivinl^  a,  nUiipcii   like  &  spooiij  k  fitted  with  an  elastic 
I      1f>nuin\   /,  which  can  t'oruiilctcly  close  the  opening:,      A  piece  of 

I 

i       Wli 

k 


Wiiiit  l»  ft  fo*(l  f    Wh*t  w*  i»fimo  of  tho  roed  tnatramtntst    Mtplain  tht  arramgp' 
mmt  Ufa  ntd  <!/M#/r«f  kin<t. 
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***^tal,  fj  wkich  may  be  elevated  or  depressed  by  a  a  rod,  A*  servec 
^  '<iDgthen  or  shorten  the  vibrating  part  of  the  reed.  This  arrange- 
***^'^i  €n&bks  as  to  diminish  or   mcroas^  the  rapidity  of  vibration  at 

**4te  moutli-piece.  as  described,  connetrts  witli  the  lube  T.  and  is 
***^  ill  a  rectangular  box*  KN^  which  is  in  cumniunicatioM  with  a 
^^^ows,  from  which  the  wind  is  supplied.  For  the  purpoie  of  c\wm 
^^moDnration,  the  upper  part  of  the  tube  ^iV,  haa  gtaas  wtndou-a 
****  three  Rides  to  show  the  motion  of  the  reed. 
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Fig.  12t 


Fig.  1«3. 


Fli^  138. 


When  A  current  of  air  is  forced  into  the  tube  KK  the  reed  is  set 

K  rapid  vibration,  causing  a  snceession  of  rarefactions  and  conden- 
lions  in  the  air  of  the  pijw  T,  and  causing  it  to  emit  a  sound.    The 
air  entering  the  tube  XiV,  first  closes  the  opening  by  pressing  the 


3pptai»  U§  acUon, 


TCfFCl^MM 


VMd  HiUfitt  it;  tbe  i 


i  ^  ^i 


rmiUfiK  a  portion  of  ^mdeBaei  air  i»  «Hier  tbe  pfc,  witeo  tin 
ifl  ftgttiu  |ireMMNS  MguuM  tbe  efuwiMiSj  v>^  so  en  n  loKg  v  Ik 
rent  of  «tf  i<  kept  up*  II  m  eridcw^  ihmi  th/B  npidiiy  of  Til 
will  bo  iaereeied  kif  iiief^esiif  t^  tnnmn  of  tfae  eir  firm  1 
bolloWB,  and  alto  bf  eboiteBtns  tbe  inbrataag  part  «f  tbe  ree4 

Fi|e,  J  23  ibowa  the  amLngpmeiA  of  ibe  fmt  reed.    The 
plute^  /.  IB  pUcod  CO  u  lo  pees  beckwude  Ibreogb  eft  open 
ftide  of  the  tube  ea,  alternately  elosiiig  and  epeiini*  m 
bnlwoeii  the  tube  and  the  air  from  the  bellowa.     The 
entirely  Mirnilar  to  that  nhowo.  in  Figfi.  131  and  ISS,  as 
remain ii)^  partti  of  the  arrangement     The  explaiiatioii  of  tbe 
of  this  «|)cciei  of  reed  is  entirely  similar  to  that  already 


k^ 


Fig.  l%k 


a^plain  th*  arrangemmt  qf  «M  JV«  Ee«cL    What  U  Ut  modi  qfacHim  f 
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The  BellQWi^ 

_  124  represents  odc  form  of  the  Bellows^  used 
jLusing  pipes  to  Bound.  It  is  worked  by  a  leven  The 
^ters  a  valve,  S^  through  which  it  passes  to  a  leathern 
iToir,  i?.  The  top  of  the  reservoir  is  weighted  so  as  to 
B  the  air  into  a  box,  from  which  it  is  adtnitted  to  the 
I  by  means  of  valves,  which  are  opened  aod  shut  at  the 
5of  the  player. 


H 


Wind  Instnuneiits. 


WiNB  Instrumbnts  of  music  consist  of  pipej^, 
Br  straight  or  curved,  which  are  niade  to  sound  by  a 
ent  of  air  properly  directed, 

i  some,  the  current  of  air  is  directed  by  the  mouth  upon 
)pemng  made  in  the  side,  as  in  the 
u  In  others,  the  current  of  air  is  made 
tnter  through  a  mo  nth -piece,  aa  in 
lageolet.  In  others,  a  reed  is  used, 
\  the  clarionet*  In  the  organ,  there  is 
Bection  of  tubes,  similar  to  those  shown 
'"iga.  116  and  118.  In  some  instru- 
ts,  as  the  trumpet  and  the  horn,  a 
pal  mouth-piece  is  used,  of  the  form 
in  Fig.  125,  within  which  the  lips 

e  musician  vibrate  in  place   of  the 
The  rapidity  of  vibration   can  be 

,ted  at  will. 

I  I>esvribc  the  BeUows  used  with  wlDd  lustmoifliiti.  <  1  T$-)  Wbat«re  Wind 
ft  H    ExpliUD  tlieir  aiilereut  Tftii«tk< 


I  ye,  Hkat  18  the  physical  agent  that  produces  the  sen- 
Btitioii  we  call  warmth ;  the  term  heat  is  also  applied  to  th^ 
tiLaiRtttiuri  ilHt^lf.  VoUl  is  a  negative  term  used  to  express 
the  absence  of  heat. 

TheoiieB  of  Heal 

IIT*  Two  theories  have  been  adiranoed  to  explain  th« 
pheiiomenu  of  heat:  the  emission  theory  and  the  undf^^^ 
tovji  theory, 

Arconlitig  !<»  Ibe  tmisaion  thfiory^  Lent  is  a  fluid,  dcstiialfl  ** 
Wfiight  wid  cajmble  of  passing  from  one  body  to  anoiher  wifli  gT«*' 
velocity.  Its  purliclea  repel  eadi  othfir,  but  are  attracted  bytlie  p*'' 
llclcs  of  n\\  iillicr  tMMliea.  A  body  becomes  heated  by  receiving  Dior« 
iif  rbiH  fbinl  Horn  it  gives  out;  It  Ix^comes  cooled  by  giving  oui  uii*'^ 
llian  it  nH'Hvos, 

Acroitlkig  to  the  imdulatoiy  theory,  the  beat  of  a  body  is cai 
by  {I  rripUl  vibration  of  itfl  molecules;  this  tnotioE  may  be  tnifl*' 
mitlefl  Irom  om;  body  (o  another  through  an  elastic  niedluni  call^ 
lather ^  in  the  wirne  way  tlmt  sound  is  trnnsmilted  through  tJje  ftil 
Ar.cnfdlnpf  lo  tliift  view  beat  is  a  mode  of  motion,  and  thoije  bodi" 
nrc'  Iiotli^fit  whoBc  molecules  vibrate  with  greatest  velocity,  am 
tlifougb  tlio  greatest  amplitudes^ 


(ITU.)  Wiiflt  U  hufltr    Colfli    (111.)  Wliat  twa  tJieorlcn  of  heat  h«va  1 
adVMiofd  f    Kxplatti  I  ho  emiiHlciu  thourj.    The  untluUtory  tbmry. 


GENERAL   PBOPERTLBS   OF    HEAT. 
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The  undulatory  theorjr  is  the  one  generally  fidopted  by  pliyBicista; 
it  tiJTia  a  better  explanation  of  the  phenomena  and  at  the  same 
Dffle  sores  to  show  the  intimate  relation  between  heat  and  tight 
In  what  follows  tbe  phenomeni^  will  bo  explained,  as  far  as  posaible, 
iiidei)eiidently  of  both  theoriea 

Oentral  Jlfhotm  of  Heat. 

Ui,    Heat,  accumulatiog  iti  bodies,  i)€netrates  into  i. 

^ubsUnce,  and  acting  upon  their  ultimate  uxoleculea,  gives 

^  to  Impellent  forces  which  counteract  those  of  cohesion. 

Hence,  the  most  noticeable  phenomenon  of  heat  is,  that  it 

<*«8ea  bodies  ta  expand.     It*  applied  io  sufficient  quantity, 

^^  particles  of  solids  are  so  far  repelled,  as  to  move  freely 

*^t>nggt  each  other,  becoming  Uqukl ;  or  if  still  greater 

Polities  of  heat  are  applied,  the  body  passes  into  a  staU 

^  ^apor.    When  heat  is  abstracted  from  a  vapor,  it  returns 

'^  a  liquid  state,  and  if  still  more  heat  be  abstracted,  it 

"^<^mei4  solid,  and  if  the  process  be  continued,  the  solid 

P^  on  contracting  under  the  influence  of  the  molecular 

Hence  we  say,  that  heat  dilates  bodies,  and  cold  contracts 
^■^^nu  Heat  also  converts  solids  into  liquids,  liquids  into 
^^pors^  and  acting  upon  gases  and  vapors,  causes  them  to 
^^and. 


ion  of  Bodieit  by  Beat. 


ITO*    All  bodies  are  expanded  by  heat,  but  in  very 

•fferent  degrees.     The  most  dilatable  bodies  are   gases, 

hen  vaponi,  then  liquids,  and   finally  solids.     In  fluid?  we 

reg:ird  only  increase  of  volume,  but  in  solids  we  distinguish 

iwo  kinds  of  expansion,  linear  expansion^  that  is,  expansion 

length,  and  expansion  of  volume. 

(  ITS  >  D«90Tlbe  the  f^nen!  effieeta  of  he«t  on  m\\A%.    On  \\i\tAA%,    Wk«t  cilfl 
kMWld  OQnpr>nf    Oo  liquldi?    (  179.)  Wli&t  bcxtiea  are  xntmt  (hl*tobUt     ^ 
iMit  dtUlAblo  r    What  U  Uhmt  ezpuuloa  T    £<twailoii  of  vol  atM  t 


R 
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Fig.  126   repreeenU  the  method  of  showing  anu  measoring  tk 
linear  expansion  of  the  metals.     A  rod  of  metal,  A^  passes 
two  metallic  supports,  beiug  made  fa^t  at  one  extremily  by  a  ( 
screw,  B,  and  being  free   to  expand  at  the   other  extremity.   T^t  | 
free  end  abuiB  against  the  short  end^  C,  of  a  lever,  the  long  end,  A 
of  which  plays  in  front  of  a  graduated  arc. 


'<ji^i4*'ii^ii'mmfiM^mkiri 


Fig,  13ft. 


When  the  rod  is  heated  ^  by  placing  fire  beneath  it,  as  ebowflii^ 
the  figwej  the  rod  A  expands^  and   the  expajifiion  is  shown  by  l^^^ 


HndeX}  D.    When  the  rod,  A,  in  of  steel ,  copper,  uh-er, 

^t  of  expansion  varies,  as  i»   shown  by  the  diflfereni 

Ibplaoement  of  the  index.     Brass,  for  example,  expands 

Ib&iiie  amount  of  heat^  than  iroQ  or  steeL 

tbWH  the  method  of  demonstrating  that   bodies  undergo 

in  volume  when  heated.     A  rins:.  ^^  i»  cotistrncted  bo 

I  passes   freely  through   it  when  cold.     If  the  ball  ba 

irnace,  it  will  jio  longer  pass  through  the  ring,  but  if 

iol,  it  again   falls  Ihmuih  the   ring.     The  method  of 

Speriment  is  fully  shown  in  the  figure, 

t  gases  being  more  expansible  than  solids^  their  expan- 

easily   shown    by  ex- 
^r   liquids,  we  take  a 
fiphere,   terminating  in 
i^  open  at  the  top,  and 
i  and   a  porlion  of  the 
iie  fluid,  like  mercury, 
Fig.  128.     If  heat  be 
♦  globe,  the   liquid  will 
tern   from  a  towards  6, 
I  increase  of  volume ; 
Ht  heat  be  applied,  the 
the    stem,   and   will 
converted  iulo  vapor. 
JH   allowed   to  cool,  it 
to  its  original  volume, 
[18    experiment  fihows 
of  gases  and  vapors. 
is  provided  \^ith  a 
lube  of  the  same  ma- 
la   bent   twice  npou 
n    in   Fig.   129.     An 
nry  is  introduced  into 
ilie   following  manner, 
ated,  and  a  portion  of 
it  contains  is  driven 
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Fig.  ita 


Fig.  12». 


>  <»  oofumo  iAowftf    ffow  it  th&  ea^panticn  i^fUqtUdM  whow^^j 


oul^  wlifiii  II  drop  of  1 
lliiirufiitfiil  (i  ullowtfd  to  eool,  tbe  d 
|iriMMiuro  (if  Ihn  Atinospbertt  4nTm 
iiil»o  III  Millie  fjOMttion^  m. 

TUo  iiMlnitnnnt  having  I 
U  UM  in  tlM»   Imiut  lor  ■.  few  niootaKy  tlv  ait 
n|miMt>i<  Hiti  riiiiitiHion  beitif  iodkaicd  Irf  Ike  i 
Hii^  }MiiiihiMi,  liM  PI.     If  allowed  to  eoolf  tito  i 

Ft t nil   what  iirocedea,   we  infer  tbat 
iHiiUttA,  uml  timt  Gold  contracts  them,    Hioearej 
tliMiPi  In  ihU  law,  but  they  are  onlj  ; 
4Hi|KhhK'  of  uliftorbing  water,  like  papov  ^v^^i^  ^*  I 
niiil  t  liu  liki%  (Hinimot  on  betng  heated    Tfak  omtnicMCtt  { 
ii  Hilly  iipjitM'tud  ;  it  untien  from  the  water  wMch  diej^'OD' ' 
hiiu    Uoinii   vininrijfttMl   imd   ilriven  ofl^  wliich  proAMtt  w 
H)t|Muviit  ilMnimitittu  uf  volume  ;  after  they  are  tbofoogblT 
ilrlinl,  thtiy  Ibllnw  i\w  ^vummd  law. 

Til©  prcuHU'ty  JvihI  explftlnt?d  li  used  for  beodhig  aofturow" 
iMiiiu^i,  Tii  t^llin^t  ilii»  tlu^y  nro  hcnted  on  one  eide  onlj,  '•^k*^ 
dnvtiii  out  tbt3  wititir  tVuiri  timl  t^ide^  and  causes  them  to  bend  ^ 
Umt  dirt^oliuu,  tt  in  (hm  pnneiplo  that  causes  wooden  articles^ 
Wiiriv,  *ihI  iiu\refur©  dtiiimiidu  that  artielos  of  furniture,  and  wooden  j 
|iarta  M  UdUllngn,  bo  coaled  with  oils,  paints^  or  vamiahes,  to  P^ 
vent  thw  abtturptum  of  wat«r> 

Tho  prUioiplo  ot  ^%\mmimi  and  contraction  is  often  utilised  ^ 
the  aftH. 

A  familiar  eiiiiuptt%  i»  tlio  proooss  of  Betting  the  tire  of  a  wi^^' 
whf^el,  Thi^  tiro  iji  uiado  a  little  Buiallcr  than  the  outer  peripb«rf 
of  I  ho  wtMHten  part  of  Iho  wheiiU  It  is  then  heated,  and  plac*^ 
ftniimd  \\w  whin  I  ;  on  molinjt,  it  contracts  powerfully,  and  dr*** 
till)  IpllotTii  llriiily  iogoUicr.      Tho  nanui  priodple  has  been  appli^ 

4 

yfhnX  U  tli«  fi*ii«rat  i^nnelnslon  with  nflpHMt  to  Oio  ft«tSoD  of  heat  wi^  coW^ 
-SltiUlu  Uitf  itppArckiii  rxc^pUimv  to  tho  liw.  JBrplain  the  proc^n  of  warjM^ 
Ai^  the  priHc-tplM  ofrontt^ttrtiim  and  MyxMMioa  uHUa^t  SFpktintiU  qp§ntiU* 
qfHmng  0  $trt,    O/druwing  ^t^alU  togttk^. 
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innging  the  wiillfi  of  a  building  back  to  their  ongioal  poftiiiofi 
they  had  begun  to  separate  from  each  other. 

Seiulble  and  I^atent  Heat,  —  Tetnperatmra. 

1§0«  Heat  may  act  on  a  body  in  two  ways.  Firsts  it 
ty  act  to  increase  the  warmth  uf  the  body;  in  this  case 
8  said  to  be  sensible.  Secondhf^  it  may  be  absorbed  and 
t  solely  to  prodnce  ei  change  of  state  of  the  body,  without 
coming  manifest  to  the  senses;  in  this  case  it  is  said  to 
hUnt  Thns,  when  ice  melts,  it  absorbs  an  immense 
onnt  of  heat  withont  appearing  to  become  any  warmer; 
is  heat  acts  to  change  the  body  from  a  solid  to  a  liquid  stat^. 
The  temperature  of  a  body  is  the  amount  of  its  sensible 

tl.'^TIIERMOMETEltS. 

The   ThermoEoeter* 

181,     A  TiiERMOMETEii  is  an  instrument  for  measuring 
poratures. 

%Q  thermometer  depends  upon  the  piineiple  that  bodies 

>and  when  lieated,  and  contract  when   cooled.      Ther- 

ttneters  have   been   constructed   of  a   great  variety  of 

*laterials.     For  common  purjjoses,  the  mercnrial  thcrmome- 

is  preferred,  on  account  of  the   uniformity  with  which 

mercuiy  and  glass  expand  w  hen  hented, 
he  mercurial  thermometer  consists  of  a  bulb  of  glass,  at 
upper  extremity  of  which  is  a  narrow  tube  of  uniform 
>ore,  hermetically  sealed  at  its  wpper  end.  The  bulb  and  a 
brt>  of  the  tube  are  filled  vn\\\  mercuiy,  and  the  whole  is 
Katrhed  to  a  frame  on  which  is  a  scale  for  measuring  the 
Else  and  fall  of  the  mercury  in  the  tube. 

if  180  )  Wh*l  is  wnslble  lioat  T  Lfttoit  beat  ?  TflmperaturB  ?  <  1 8 1.)  Wliat  Ia  a 
thermometer?  On  what  prlndple  df>eft  U  depend?  Wlmt  U  the  best  thermometef 
kt  oommoa  uae  T    Deacribo  a  mercurial  thermumeUJr. 


re  of  the  mixture,  say'  twenty  or  thirty  minutes.     A  slight 

then  made  on  the  stem  at  the  upper  surface  of  the  mer* 

thLs  constitutes  the 

paint . 

LBtruinent   is   next 

into  a  bath  of  difi> 

terj  in  a  state  of 

,  care  being  taken 

ind  it  with  steam 

i  of  an  apparatus 

shown  in  Fig.  133. 

mercur)"  ceases  to 
0  tube,  which  will 

few  minutes^  the 
is  upper  surface  is 
m  the  stem,  by  a 
IS  before,  and  this 
la  the  boiling  point, 
pace  between  the 
id  freeaiin^  points  i^ 
ded  into  a  certain 
f  eq^ual  partn,  and 
lation  is  continued 
d  below  aR  far  as 
esirod.  These  di- 
Day  bo    ecratched 

glaaa  with  a  dia- 
BH  is  Qsually  done, 
be  made  on  a  strip  ^^g,  i$i, 

which  is  attached 

Line.     The  divisions  are  numbered  according  to  the  kind 

Aopted, 

Th«rmometer  Scalea. 

Three  principal   scales  are  used :  the  Centigrade 
which  the  space  between  the  freezing  and  boiling 


s  /rtettnff  po<ni  dtUrmtntd  f    1%t  J^oUiftg  point  f    Hmo  U  i!A« 
CKf«  divided!  f    ( 1 S4.)  WhMt  are  the  tlit«e  prlQdpa\  «aW^«^^ 
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points  is  divided  into   100   equal    parts,  called  i$l^ 
Heanmur'ii  ttcaie^  in  which  the  same  apace  k  divided  id 

equal  parts,  called  degrees  ; 
and  FahrtnheiVE  scale^  in 

which  this  space  is  divided 
into  180  equal  parts,  also 
called  d€gT€es. 

In  the  centigrade  8cale» 
the  freezing  poiot  is  marked 
0,  and  the  degrees  are  num- 
bered both  up  and  down, 
the  former  numbers  being 
considered  positive,  and 
designated  by  the  sign  +, 
whilst  the  latter  are  con- 
sidered negative,  and  desig- 
nated by  the  sign  — .  Of 
course  the  boiling  point  is 
marked  100°. 

Fig*  134  represents  a  ther- 
mometer mounted  and  gradu- 
ated according  to  the  eenti^rade 
scale.  In  it  the  mercury  indi- 
ofttes  30°  C. 

In  Reaumur's  scale,  the 
freezing  point  is  marked  0, 
and  the  boiling  point  80*^. 
The  degrees  below  freezing 
are  marked  as  in  the  centi- 
grade scale. 

In  Fahrenheit's  scale,  which  is  the  one  most  used' 
United  States,  the  0  .point  is  taken  32**  below  the  fl 


Where  Is  the  0  point  of  tbfl  rentlfrmdo  »eal«f    Explain  the  ilgns  +  md  * 
1j  tiie  boiling  point  marked  »    Where  la  the  0  of  th»  Beamuiir  tcalet 
poi&t  F    Where  ii;the  0  of  F»hreiihdf »  ecaltt  I 
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point,  and  the  divisions  are  numbered  fi-om  this  point  both 
up  and  down.    The  boiling  point  of  distilled  water  is,  212^  P, 


^ 


^ 


Conversion  of  Centigrade 
and  Reaumur^s  Degrees 
into  Fahrenheit's. 


I8tl.     A    degree   on   the 

c«Diigrade  scale  is  equal  to 

on«  and  eight    tenths    of   a 

'legree    on    the     Fahrenheit 

•etlflj  Rtid  one  on  Reaumur's 

«»le   18   equal    to   two   and 

*  quarter    on    Fahrenheit's. 

«<^ce,  to  convert  the  reading 

**Q  a  eentii^de  to  an  equiva^ 

Jentoneon  Fahrenheit's  scale, 

'"aJtiply  it  by  1-8  and  add  to 

**»«  result  32^    Thus,  a  read- 

^«    of    25*     centigrade,     is 

®^«ivalent  to  25"  X  1 .8  -I-  32% 

or  7^.  p     j^  convert  a  read- 

*^S  on  Reaumur's  scale  to  an 

^*iivalent    one   on    Fahren- 

''^it'»^  maUiply  by  2i,  and  to 

'**«   result  add  32°,     Thus,  a 

**^Ming   of  24''   Reaumur  is 

^Uivalent  to  24'  X  2i  +  32% 

'''  86"  F. 


v^ 


By  reversing  the  above 
^''OceaBes.  readings  on  Fah- 
''^Uhcit'8  scale  may  be  con- 
^^ed  into  equivalent  ones  on 
^  centigrade  or  Reaumur's 
•«=^le. 
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Fig.  184, 


'^ho  bdUos  f»oiiitr    ( IBS.)  Explain  ihs 


meM^  q^  MiHiirfi)!^  rMding*  fi'om 
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IM*     An  Alcohol  Thebmomkteb  is  similar  to  a  me 
rial  one  iu  all  respects,  except  that  alcohol,  tinged  red,  id 
used  in  place  of  the  mercury. 

Because  alcohol  does  not  expand  regularly  with  a  regular  iocreiJ 
of  leii]j>erature,  the  alcohol    Lhermometcr  has  to  be  graduated  bjtj 
expc^rimcnty  comparing  it  degree  by  degree  with  a  standard  men 
thermomelcr* 

An  alcohol  ihormometer  is  more  eaaily  filled  than  a  rocrcurial  one, 
no  Itintiel  being  required.  The  bulb  is  heated  until  a  portion  of  ihfl 
contained  air  is  driven  off,  and  then  the  open  end  of  the  tabe  a 
plunged  into  a  vessel  of  aloohol.  Aa  the  air  in  the  bulb  ooolt,  the 
pre«>iitrc  of  the  external  atmoaphere  forces  a  portion  of  alcohol  up 
into  tlio  bulb.  If  this  be  boiled,  the  vapor  of  alcohol  will  cipel  Iho 
remainder  of  the  air,  and  by  dippiing  the  open  end  of  the  tube  into 
the  alcohol  once  more,  the  bulb  will  be  completely  filled,  when  it 
again  becomes  cool.  The  instrument  is  then  treated  like  the  i 
rial  thermometer. 

Ralatlve  advantages  of  Meroiirial  andi  Alcohol  TbermoiiifitsA  | 

18T*  For  ordinary  purposes,  the  mercurial  thermometer  »» t* 
be  preferred,  on  account  of  the  nniformity  with  which  the  tnercflry 
expands  with  n.  luiiform  increase  of  temperature.  But  mercury  «•>' 
geiils  at  39"  below  0  of  the  Fahrenheit  scale,  and  where  a  lo*«^ 
temperature  than  this  is  to  bo  observed,  it  becomes  absolal^ly 
necessary  to  employ  the  spirit  thermometer.  In  the  severe  ebld  *' 
the  polar  regions,  mercury  often  congeals,  but  no  degree  of  cold  b** 
yet  been  obtained  that  will  congeal  absolute  alcohol. 

For  high  temperatures,  mercury  only  is  capable  of  being  tisw^l 
tbiH  liquid  dm8  not  boil  till  raised  to  662"*  F,,  whilst  alcohol  boils  »*' 
174°  F.     The  latter  liquid  can  not,  therefore,  be  used  to  observe  lem- 


I 


(  180  )  How  doea  the  Alcohol  differ  from  tJie  mCTcnriRl  tbemiomflterr    ffMt  <*, 
ft«  ateohot  therm ometer  graduated  f     Why  T    H&w  U  it  JUUd  f    <  1 8 T. ) 
th%  atcohoi  th«rfiu>m§Ur  pr^eratdt  to  fiW  mtrcurial  on*  t     Whm*  fVMMf  i 
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peratures  higher  than  174"  F.,  nor  can  it  be  relied  upon  ovea  for 
temperatares  considerably  lower  tbaa  this. 

It  is  to  be  observed  J  that  mercury  can  mjt  be  relied  upon  for  tem- 
pemturcs  lower  tbau  32'  below  0,  on  account  of  irregularities  in  its 

me  of  00  a  traction  below  that  limit. 


H  Rules  for  using  a  Thanaomfiter. 

lis.  Before  noting  the  height  of  the  mercurial  column, 
the  instrument  should  be  allowed  to  acquire  the  temperature 
of  the  medium  in  wMeh  it  is  placed.  Thitj,  in  general,  will 
require  some  minutea. 

la  determining  the  temperature  of  a  room,  the  thermom- 
eter should  not  be  hung  against  the  walls,  l>ut  should  be 
freely  suspended,  so  as  to  take  the  temperature  of  the 
atmoaphere.  When  hung  against  a  w^all,  es|)eelally  an  outer 
^^^11^  an  error  of  several  degrees  may  result.  In  like  man- 
^%  if  hung  against  a  wall  containing  a  flue,  or  adjoining 

■«uifrther  room  of  different  temperature,  a  similar  error  of 
l^veral  degrees  might  result. 

To  determine   the  tempei-ature  of  the  atmosphere,  the 

^l^orniometer  should  he  freely  suspended  in  the  air  at  some 

**^aace  from  any  building  or  tree*    It  should  be  sheltered 

;^*>»n  the  direct  action  of  the  sun^'fi  rays,  as  well  as  from  the 

Influence  of  reflecting  substances.     Fuilhermore,  it  should 

"^  jsrotected  from  winds  and  cuiTei;itw  of  air. 

"  The  Di^stential  Tbermoiaeteri. 

]§0.  A  Differential  Theemosietek  is  a  thermometer 
'^Utrived  to  show  the  diflerenee  of  temperature  between 
^o  places  near  each  other.  The  two  principal  forms  of  the 
'iflferential  thermometer  are  RuMFOim's  and  Leslie's. 


1rA«*  6an  (JM  Jhmw  onltf  bti  uttd  f    f  1 88. )  Whfit  precautions  are  to  be  taken 
'^  %itttng  tlie  l6Dp«r»tuf«  fif  tt  momf    Wbj?    In  coUng  iht  tomperatare  of  the 
w\    (1 80)  What  ifi  a DUrerentliil  Tbermombter 7    Wh&t  are ita  t'¥o  tuum ? 
a 


flg^iire.  TIk*  whole  apparatus  is  attached  to  a  suitabW 
iriiiiMs  wlii«'h  Miipfiurta  a  scalo  parallel  to  the  homonfc^^ 
linuirh  ol  ilie  a»ojn'i!ting  tube.  The  0  of  the  scale  is  at  it* 
Mii«lilkr  point,  tt?Ml  the  graduation  is  eomintied  from  it  in 
botli  fliiHu-liofM.  Tfje  huil)8  and  n  large  part  of  the  conned- 
ing  tube  are  tilled  with  air;  there  is,  however,  in  thetabe 
A  numtl  drop  of  llnid  which  separates  the  air  in  the  tiW 
,  nxtrnudlicH. 

TIhi  inHrrumont  is  so  constructed  that  the  index,  w,iiJi* 
tint  it  t*\'  I  hi'  Hcaln  when  the  temperature  of  the  two  bultew 
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?<rhen  one  of  the  bulbs  is  heated  more  than  the 
r  in  it  expands  and  drives  the  index  towards 
itil  the  tensions  of  the  air  in  the  two  bulbs 
ce  each  other. 

is  divided   by  experiment  by  the  aid  of  a 
rcurial  thermometer. 

ferentiai  Thermometer. 

lESLiE^s  Differential 
TEH  is  shown  in  Fig, 
fiers  from  Rumfohd's, 

ae  bulbs  emaUer,  and 

r  a  longer  column  of 

le  tube.    The  scales 

Iby  the   sides  of  the 

rtions    of   tlie    tube, 

0  points  at  the  mid- 
is,   then,    a   double 

lethod  of  graduating 

this  thei-mometer  is 
ftg  that  described  in 
ide. 

IPyromfiler. 
PrBOMETER  is  an   instrument  for  measuring 
peratures  than  can  bo  observed  by  means  of  the 
hermometer, 

i  important  pyrometers  are  those  of  WEDGin^^ooD 
l^ttT-  Tlie  former  is  founded  on  the  diminution 
Rne  of  clay  at  high  temperatures,  and  the  latter 
iciplo  of  the  expansion  of  metals.  The  indications 
lents  are  very  unreliable,  and  it  yet  remain^ 


Fig.  im 


LtSLts's  Diffierential  Tliftrmometer.     (1920  What  !•  »  Pyro- 
I  the  moat  Lmporttut  onea  f    WbU  1«  the  priaclpk  qX  caAkt    ^x« 
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to  dijcover  some  accurate  method  of  meaBDiing  t^p 
tnrea  higher  thaa  6W  R 
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IlL^ — BADIATIOS    OF    HBAT. 

IM.  The  ethereal  medium  that  transmits  heat  extenJi  ^ 
through  bpace,  and  is  almofit  perfectly  elastic    It  p^e- 
tratea  all  bodies  and  occupies  the  interrals  betweea  to 
molecules.     The  heat  vibrations  of  bodies  are  thus  im- 
parted to  the  surrounding  ether,  and  by  it  are  propagatei  1 
dntward  in  spherical  waves  Bimilar  to  sound-waves  in  wi' 
Heat  propagated  in  this  way  is  called  radiani  heaL   Aline  | 
perpendicular  to  a  wave  front  is  called  a  ray  of  heat 

A  my  of  heat  indlcutes  a  direction  in  which  heat  b  propHg&tel  I 
and  ulong  which  it  produces  its  effect  In  a  homogeneous  mediuro  I 
heat-rays  are  straiglil  lines  radiating  in  every  direction  from  a  heated 
iKjdy,  Rays  of  heat,  hke  rays  of  sound,  may  be  refracted  and  reflected. 
Bodiant  heat  does  not  impart  warmth  to  the  medium  that  tranatiutt 
it,  but  when  intercepted  by  a  body  the  motion  of  the  particla  of 
ether  ifi  imparted  to  the  molecules  of  the  body,  and  the  phenom^A 
of  heat  are  devcloj>ed. 

Laws  of  Radiant  Heat. 

1^4,  The  radiation  of  heat  takes  place  according  to  the 
following  laws: 

1,  Ifeai  is  radiated  equally  in  all  directions. 

ThiB  Inw  may  be  verified  by  placing  thennometera  at  equal  dis- 
tances and  in  ditferent  directions  from  a  heated  body. 

%  Rays  of  heat  are  straight  Urns. 

This  law  may  be  verified  by  interposing  a  screen  anywhere  ifl» 
right  line  Jtiining  the  healed  body  and  the  thermometer,  when  tl»« 
thermometer  will  cease  to  rise. 

<1 03.)  How  1»  heat  traripmUtocl  throtiuh  epace  »  WliJit  Is  radiant  heAt?  Wbi-t 
art  rty»  of  heat !  il  04*)  Wl}»t  Ip  rhe  flrtt  law  of  radtmit  heat  t  Sow  miMf 
What  t»  the  second  Uw  f    Hqu;  i^eriJUd  f 
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J  pass  from  one  medium  to  another,  it  ia  bent  troax  its  course , 

iing  is  called  rtfracUofi. 

mB  of  rolracUon  for  heat  are  the  same  as  for  sound. 

9  plane  of  the  incident  and  refracted  rayi  is  normal  (a  the  da- 

ifface  at  the  p&inJL  of  incidence;  and 

» mm  of  the  angle  of  incidence  beam  a  CQnUant  ratio  to  the  sine 

fie  of  r^-actioTk 

he  intenmty  of  radhnt  heat  varies  directly  as  th€ 
iture  of  the  radiating  hody^  and  inversely  as  tf^ 
of  the  distance  to  which  it  is  transmitted* 

rat  part  of  this  law  is  verified  by  exposing  one  of  the  bulbi 
Tential  therraometer  to  a  blackened  cubical  box,  filled  wilh 
r  the  ottier  bulb  being  protected  by  a  screen.  If  the  water 
first  instance  of  a  given  temperature^  and  then  falls  to  a 
I  third  of  that  temperaturej  the  differential  thermometer  will 
a  half,  or  a  third  of  its  origiu&l  indicationj  and  so  on  for 
)erature, 

soond  part  of  the  law  may  also  be  verified  by  means  of  the 
al  thermometer.  In  this  case  the  heated  body  is  kept 
it  the  same  temperature,  and  one  bulb  of  the  difierential 
etcr  IB  placed  at  dilTerent  distanees  from  it.  It  will  be 
U  at  a  double  distance  the  indication  is  only  a  fourth  of  the 
indication,  at  a  triple  distance  only  a  ninth ^  and  bo  on. 

■      Exchange  of  Heat  between  bodies. 

The  process  of  radiation  of  heat  between  bodies  is 
and  coHtinuous,  According  to  the  laws  given  in 
ceding  article,  those  bodies  which  are  most  heated 
most  heatj  hencej  the  hottest  bodies  of  a  group 
more  heat  than  tlioy  receive,  and  the  coldest  ones 
more  than  they  give  off.  The  consequence  is  that 
a  continual  tendency  towards  equalization  of  tern- 


tbc  third  law  }  How  Is  ths  Jrai  part  qf  the  late  ver^d  ?  Th4  second 
plain  tho  laws  of  refractloa  of  heat  raje.  (195.)  Kzplulu  the  action 
I  to  produce  UDiformitjof  temperaturo. 
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perature.     If  all  the  bodies  are  of  the  same  temperatnWi 
each  wUl  give  off  as  much  as  it  receives,  and  no  fiirtliei 
change  of  temperature  can  occur.    The  process  of  radiatioD» , 
however,  goes  on  as  before. 

All  the  bodies  in  a  room,  for  example,  tend  to  ootne  to  anmfoni  | 
lemperatnre.  Wo  say,  tend  to  come  to  a  uniform  temperatore,  k- 
Cftii«c  this  eonditiott  U  never  fully  realized.  Bodies  ueareit  tli  | 
walls  are  coiitliiually  exchanging  heat  with  the  walls,  and  as  these 
are  ifi  communicatiou,  either  yiiih  the  outer  air,  or  with  other  rwnB, 
their  temperature  will  be  influenced  thereby,  and  wiJl  in  turn  exert 
an  influence  upon  the  remaLning  bodies  in  the  room. 


f* — RXFLECTION^    ABSORPTION^    EMISSION,     AUD    CONDCCnBIIirT. 

HefieoUon  of  Heat. 

19«.  When  a  ray  of  heat  falls  upon  the  surface  of* 
body,  it  is  divided  into  two  parts,  one  of  which  enters  llt^ 
body  and  is  absorbed,  whilst  the  other  is  deflected  or  bent 
from  its  course.    This  bending  is  called  r^^4:ti<m* 

The  point  at  which  the  bending  takes  place,  is  called  i^^ 
point  of  im^khnce.  The  ray  before  incidence  is  called  ^Ae 
incident  ra If  ;  :\fter  incidence  it  is  called  the  r^'ectednf 
If  a  perpendicular  be  drawn  to  the  surface  at  the  point  ot 
incidence*  it  is  said  to  be  normal  to  the  surface  at  that 
point  The  angle  between  the  incident  ray  and  the  nonn^l 
is  iM  angle  of  incidence ;  the  angle  between  the  normal 
and  the  reflected  ray  is  the  angle  of  reflection.  The  pb^' 
of  the  incident  ray  and  the  normal  is  the  plane  of  incideuco 
the  plane  of  the  reflected  ray  and  the  normal  is  the  pl»i^ 
of  reflection.     These  planes  coincide. 

Jtiti»traU  6y  the  e^xmnpU  of  arlidti  in  a  room.    (1  »6.)  Wliat  \b  reflection  t 
fiwitf    What  in  Lhe  point  of  Incidence  ?    Tlie  Incident  ray  f    Tlve  reflc?cfed  njj 
The  plane  of  inddeuceT    The  plane  of  reflection  f    Tho  angle*  of  Incidence  I 
I       refidctiou ! 


I 
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Iiaws  which  govern  the  Reflection  of  Heat, 

^IST.  The  following  laws,  iadtcated  by  theory,  have  been 
afirmed  by  experience : 

1.  The  plafie  of  ilie  incident  and  reflected  rays  is  normal 
» il^e  reflecting  sur/cLce  at  the  point  a/ittcidmt* 

2.  The  angles  of  incidence  and  reflection  are  equoL 

Tbe  apparatus,  employed  in  establishing  these  laMrs,  is  shown  io 
b.  137.  A  is  a  tin  box  with  ita  faces  blackeaed,  in  which  hot 
^ria  placed.  B  is  b.  reiecting  surfaGe,  and  D  is  &  differexitiai 
lifmometer,     MC  is  b.  iionnal  to  the  refteciiug  surface. 


wig.m. 


The  surface,  Ay  rftd:at«*»  beat  in  all  directions,  but  only  a  aingle 
f  ta  permitted  to  fall  upon  the  reflector,  B,  the  remainder  being 
lercepted  by  a  screen,  having  a  small  hole  in  it.  By  suitably"  ar- 
l^ng  the  thermometer^  and  otlicr  parte  ol  tlu^  apparatus,  it  may 
shown  that  the  plane  ABD  is  nornial  to  lli€  reflecting  sui'face  at 
d  that  the  angles,  ABC  and  CBD^  are  equal  Io  each  oUier. 


In 7.)  Wh&i  Is  the  tli?t  law  of  reflection  f    Tbt;  second  law  ?    Eb:pUsUi  the  op' 
\MfQr  verifying  Utete  lawt.    Explain  t/u  motJU  qf  verificaUoa, 


the  panibolic  miiro 

II  U  a  property  of  Bodi  mirrors  iiiaS  all 
tncHdeiicse  are  parallel  lo  the  am%  aie  m 
virrged  to  a  single  pohit,  which  poind  m  the  /oatM  ct  tk 
mirror.    Conversely,  if  the  mjrs  proceed  fixwn  the  fbeoB  ibcy 
will  be  reflected  in  lines  parallel  to  the  ; 

A  and  /Pj  Fig.  138,  represent  two  ponahofic  nAetie^ 
hairing  tlieir  axes  coincident,  and  their  sur&ce  tamed  to 
eacli  other.    In  the  focosy  n,  of  the  mirror,  A^  is  pbisedalKiU 


F1^188l 


of  hot  iron,  and  in  the  focus,  7«,  of  the  mirror,  -B,  is  placi 
an  iriftamniiiblo  Bubstauoe,  as  a  piece  of  phosphorus.    The 


^eaf 


(  I  OHO  Wliat  |>  ft  OoncMivfl  Mirror  f    What  form  Is  need  Ibr  expefim«&t  t    How- 
"  f*yi  IMfAliol  tw  tht*  hkSa  rellijctod  T     Wkat  Is  the  fbcusT  J 
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radiating  fi^m  the  ball,  is  reflected  from  yl,  parallel  to 
eommon  axis  of  the  mirror,  ami  falling  upon  //,  is  again 
feted  to  the  focus  m  \  the  heat,  Ci»ncentrated  at  w?, 
ifficient  to  inflame  the  phosphorus,  even  when  the 
brs  are  several  yards  distant  from  each  other.  If  the 
or,  A^  alone  is  used,  tlie  phosphorus  is  not  inflamed. 


'^Wl: 


Viiiit 


m\ 


property  of  parabolic  mirrors*  above  explnined,  enables  tia  to 
trate  the  heat  of  tlie  Run^fl  rays.  In  this  case  the  reflector  is 
a  burning  mirror.  F)g,  139  shows  the  manner  of  using  a 
g  rnirror.  It  in  placed  bo  that  it^  axiH  is  parallel  to  the  rays 
uqn,  which,  on  falling  upon  it,  arc  reflected  to  the  focus,  where 
^duce  heat  enough  to  set  inflammahlo  sub  stances  on  fire, 
said  that  Archimedes  was  enabled  by  meani  of  mirrors  to 


Are  nyt  Ihmi  tihe  foetit  refloetodf    Bxptnin  the  exporliii«nt.    What  U  a 
\g  mirror  T    ^plain  itv  w««, 


9or 


pom-LB 


I 


•et  flf«  (o  tlie  Roman  sliipt  tii  llbo  iLmrbor  of  tht  Citj  of  SjTiaiB.| 
Brrrost  shoued  the  povibilitf  of  Mick  mo  opef&tioii,  by  seoisi  1 
u>  ft  tmntd  pt&uk,  by  mcMja  of  burning  mimm,  ai  a  dkbuioeof  i 
Uukii  220  feet 


RedecUni;  Poww  of  difieretit  aabctaaoeb 

IMw  It  has  been  stated  tliat  a  ray  of  heat  which  fal! 
upon  n  l>ody  is  divided  into  two  parts,  one  being  abiorh 
and  the  other  r^Ucttd.  The  relative  proportions  betwe^ 
thi'sc  two  parts  varies  with  the  nature  of  the  snbstamse  aad 
the  rhanicter  of  the  reflecting  snrfece. 

Those  bodies  which  refleet  a  birge  portion  of  the  loddcTit 
heat»  are  called  good  rfflcctors  ;  those  which  reflect  bn 
little  of  the  incident  heat,  are  called  had  reflectors, 
reflectora  are  had  (Asorbers  /  and  bad  reflectors  are 
ahsorbers. 

Fig.  140  shows  the  method  of  determining  the  relative 


Good! 


f  f  g.  i^t 


<  l^a)    Into  hov  auuij  {wrU  U  »a  Inddaot  nf  divided  f    Wb»t  b 
*®' '    A  b»d  njfteetor !    A  good  Rbftorber  I    A  Ud  abevrber  f 


ABSORTTION    OP    HEAT.  2^)5 

^fleeting  powers  of  different  bodies,  adopted  by  T.PSTTg, 
e  placed  a  cubical  tin  box  filled  with  water  at  tbe  boiliog 
>int,  in  front  of  a  parabolic  reflector.  The  rays  of  heat, 
Uing  upon  the  reflector,  are  reflected  and  tend  to  come  to 
focus  at  F^  but  by  interposing  a  square  plate  of  some  sub- 
stnce  between  the  mirror  and  its  focus,  the  rays  are  again 
fleeted,  and  come  to  s  focus  as  &r  in  front  of  the  plate, 
F  is  behind  it.  The  heat  thus  reflected  is  reoarcMl  upon 
e  bulb  of  a  differential  thermometer,  by  meaas  of  which 
is  measured.  By  interposing  |^ates  of  different  sab- 
incea  in  suocencMi,  their  relatiTe  reflecting  powers  are 
termined. 

In  this  way  Lbsue  showed,  that  polished  brass  poaseesed 
e  bluest  reflecting  power ;  silTer  reflecUs  only  nine  teuths 
I  on];r  eight  tenths,  and  ^asa  only  one  tenth  as  juush  a«» 
ass.  Plates  blackened  by  amoke  do  not  reflect  beat 
all 

900.  In  order  to  determine  the  relative  powers  </  a.)> 
-ption,  T^TiRT.Tie  employed  the  wpfpant^a  niftown  in  Fj^,  }  43 . 
The  source  of  heat  and  the  refl^acCor  remainiDg  ais  l/<^or^, 
placed  the  bulb  of  the  differential  tbermomeUr  m  xh^ 
us  of  the  reflector,  corermg  it  soccewiv^y  with  lareru 
the  substance  to  be  experimented  upon-  In  thU  way 
showed,  that  those  aobstances  which  rdlwi  m^M  }j^4X 
sorb  lieast,  and  the  reverse. 

Wlien  the  bulb  was  blackened  by  am<4ftr.  tb^  ikA^nsM/fiJ^j^ 
licated  the  greatest  ciiange  of  twnperjtw^  a#>4  wWj 
srered  with  leayes  of  brass,  it  indS^ated  tli^  1«m*  ^^y^k. 


atdidLnusAidtototkcbat  niMtort  The  »Ht  M 'wAt^rt  Wmt 'v^  v«<»^. 
d pUtes?  (900.)  Expiate Lm/T* fl»rtlrt»4  «r  4rt«r«4wti^ flU •WM^'V^ >'V»«'' 
•odiea*    Wliat  w«§  tha  rwlt  aTMa  eij  iiteiifti  f 


Radiating  Power. 

5101,  The  Radiating  Power  of  a  body  is  its  capacil 
to  efnii,  or  radiaie  the  heat  which  it  contains. 

In  detemiining  the  radiating  power,  Leslie  employi 
tho  apparatus  shown  in  Fig,  lU.  In  this  case,  instead  of 
covering  the  bulb  of  the  thermometer  with  layers  of  the 
gubstanccfl  to  be  exf>€riinented  npoo,  he  covered  the  differ- 
ent fitces  of  the  cubit;  box  ^^th  layers  of  the  different 
gubHtances, 

For  cxam[)lc,  let  one  face  be  made  o£  tin,  let  a  second  be 
Idnt'kened  by  smoke  or  lamp-black,  let  a  third  be  covered 
by  a  layer  of  piifierj  and  a  fourth  by  a  plate  of  glass.  Ot» 
tiiniinpf  these  diflVTent  faces  towards  the  reflector,  tbe 
t  licniiiinuler  indicatcR  different  degrees  of  temperature.  ^ 
the  blrirkuiiud  face  bo  turned  towards  the  reflector,  tb® 
lliermonirter  riwi^  showing  that  tliis  face  is  a  good  T*- 
diator ;  if  the  paper-covered  face  be  next  turned  towar^^^ 

(  sot  >)  Wbat  l»  the  Radial  1ii|?  Pci^l^t  of  n  bodf  f    Erpl&lii  L»ub^  lli«tM  ^  ^ 
ttrintiilfi^  li    OSvo  aa  exampj*  of  tli  pro««M. 


the  reflector,  the  thermometer  falls^  gbowiug  that  paper  is  a 
J)oorer  radiator  than  Jamjj-black ;  if  the  glass  covered  face 
be  turned  towards  the  reflector,  the  thermometer  falls  still 
lower,  indicating  that  glass  is  a  poorer  radiator  than  paper  ; 
finally,  if  the  tinned  Cice  is  ttimed  towards  the  reflector,  tlie 
thermometer  fails  still  lower,  indicating  the  fact  that  tin  is  a 

^ poorer  radiator  than  glass. 
Lesue  found  by   this   course  of  proceeding,   that  the 
radiating  powers  of  bodies  are  the  same  as  their  absorbing 
powers  ;  that  is,  a  good  radiator  is  also  a  good  absorber,  but 
a  bad  reflector,  and  the  reverse. 


Modifications  of  tha  Refle^stmg  Powers  of  Bodies. 


n 


I 


902.  The  principal  causes  that  modify  the  reflecting  and 
absorbing  jx^wers  of  bodies,  are  :  polish,  density^  direction 
of  the  incident  ray 8^  nature  of  the  source  of  heat^  and 

Other  things  being  equal,  polished  bodies  are  better 
reflectors  and  worse  absorbers  than  nivpolished  ones. 

Other  things  being  equal,  dense  bodies  are  better  r^ectors 
and  worse  absorbers  than  rare  ones. 


Other  things  being  equal,  the  nearer  the  incident  ray 

approaches  the  normal^  the  less  will  be  the  portion  r^ected 
and  the  greater  the  portion  absorbed. 

W      The  nature  of  t/te  source  of  heat  sometimes  modifies  the  ^ 
reflecting  and  abs(^hing  powers.    Thus,  if  a  body  is  painted  fl 
with  wliite  lead,  it  absorbs  more  heat  from  a  cubical  box  of        i 
boiling  water,  than  though  the  same  heat  were  emitted  by 
a  lamp.     But  if  a   body  is   painted  with   lamp-black,  the  fl 

Ijt  amount  absorbed  is  the  same,  whatever  may  be  its  source.     H 

What  reltttlon  rtid  he  flnrl  between  the  radintln|Ef  nnrt  flbftftrWtigf  poweri  of  bodies* 
(JICHi.)  WllJit  oAaeoii  modjfy  tbe  reflectliiig  and  aTtsorbimg  powura  i»f  ba4le«?  Effect 
©f  poU«h  F    Of  density  t    Of  direction  of  ray*  P    Of  tb«  wurae  of  huatT 

1^ ^ 


S08  TOPXTLAXt    PST^ICS. 

Other  tiling  being  eqaal,  liffht-cohrtd  bodU^  a^«orfei^* 
€md  f^eci  more  heal  than  dark-colored  ones,  Wbte 
bodies  are  the  best  reflectors,  black  ones  the  worst.  Wile 
bodies  are  the  worst  abflorbers,  and  black  ones  the  best 


Applicaitioiit  of  the  pr»c«diiig  ptinciples. 

A  nicies  of  clothing  are  intended  to  pwaerre  nniformitytrf 
temperature  iei  the  bnman  body  by  excloditig  the  too  violent  Ueals 
of  Bommer,  and  by  preventing  too  rapid  radiation  of  animal  heil  m 
winter. 

Looee  tubstances,-  like  woollens  and  fur»,  are  bad  radiators,  tnd 
tberefore  are  suitable  for  winter  clothing.  Compact  ^iibF-tauces^  lil^B 
linens  and  cottons,  are  good  reflector?,  and  therefore  are  suitable  ibr 
flummer  clothing.  As  far  as  color  ia  concerned,  white  ift  Uii 
adapted  to  both  aeaaons,  because  white  bodies  ore  at  oooe  better 
reflectors  and  worse  radiators,  than  those  of  dark  colors. 

The  animals  of  the  polar  regions  are  generally  of  light  colors,  oftea 
becoming  completely  white  in  winter.  This  wise  provision  of  Nature 
is  calenlatod  to  adapt  Ihcni  to  sustain  more  readily  tlie  aevere  cold 
of  those  inbnf^pitabie  regions.  ^M 

Oils  and  fiLtn  are  good  reflectors  and  bad  radiators.     Hence  wefini 
the  Laplanders  and  E&quimauK  rxibbing  their  bodies  wilh  oils  to  pre- 
vent the  too  rapid  radiation  of  animal  heat,  whilst  the  negroes  of  the 
tropical  regions  do  the  same  thing  to  prevent  the  absorption  of  beitt^ 
from  without.  H 

Snow  is  a  good  reflector  but  a  bad  absorber  and  radiator.  Hencfi 
it  is  that  a  layer  of  pnow  in  wi:nter  acts  to  protect  the  plants  which 
it  covers.  Snow  and  ice,  when  exposed  to  the  rays  of  the  sun,  melt 
but  slowly^  but  if  a  branch  of  a  tree  or  stone  projects  through  the 
snow,  it  causes  the  latter  to  melt  in  its  neighborhood,  first  by  absorlj 
ing  the  heat  of  the  sun,  and  then  radiating  it  to  the  surrounding 
particles  of  ice  or  snow. 


Of  fff»lof  T  ( 203  )  jmmt  U  ih*  oh^Bct  of  rlathinff  f  Whff  ars  finr9  and  icooUtn* 
»uUtt  hlft  (0  pointer  f  Li iten «  and  mttcm^  to  mtmm  er  t  What  etdor  ia  h«»t  adap^ 
^t  till  0mMoni,  f  Cnior  qf  animals  in  AraUe  region  f  JSQf^cl  qf  o4U  and  fdU  im 
ra^tiitti^n  and  almtrpUcn  f    ^leampl^i,    W^  <if  *««w'    '•^y  <*«  *»<»»  ond  «<M 


stone  is  thrown  upon  a  field  of  ioe^  it  soon  causes  tbo  ice  around 
^It,  forming  a  hole  into  which  it  fiinks.  A  dark  cloth  spread 
mw  acts  in  the  same  manner,  and  soon  pinks  under  the  in- 
of  ihe  sun's  rays. 

r  is  soonest  heated  in  a  veft^ol  whoe«  surface  ii  black  and 
led,  because  the  ves^l  in  this  stale  is  best  adapted  to  absorb 
i  which  is  applied  to  it,  but  on  removing  it  from  the  fire,  the 
roJs  rapidly.  To  retain  heat  in  liquids,  they  should  be  con- 
dense and  polished  veFsels,  as  tliese  are  poor  radiatore. 
'or  boiling  and  cooking,  rough  and  black  vessels  should  be 
d,  but  to  keep  the  artiotes  warm,  den^e  and  polished  vesaels 
ic  used.  It  16  for  this  reason  that  a  silver  teapot  ja  better 
earthen  one.  But  as  silver  is  a  good  conductor  of  heat,  ihe 
should  be  insulaUd  by  interposing  between  it  and  the  veasel 
Q-cond noting  substance,  aa  ivory  or  bone. 
I,  being  intended  to  radiate  IicaL  ebould  be  rough  and  black, 
placesj  being  intended  to  reflect  heat  into  ihc  room,  should  b« 
th  white,  dense,  and  polished  substances,  like  glazed  earthen 
glazed  fire-bricks. 


I 


Oonductivity  of  Solid  Bodiest 


CoNDrcTTiviTY  18  that  property  of  bodies  by  virtne 
sh  they  transmit  heat.  Those  bodies  that  tmnsmifc 
idily,  are  ctalled  good  conductors  ;  those  that  do  not 
X  it  reiMlily,  are  cJllletl  had  vonducto^rs^ 
NHQUSZ  showed  that  sohd  bodies  possess  different 
of  conductivity,  by  means  of  an  apparatus  shown  in 
J.  It  consists  of  an  oblong  vessel  to  contain  water, 
le  side  of  which  projects  a  system  of  short  tubes  for 
g  rods  of  different  kinds  of  solids,  such  aa  metals, 
wood,  glass,  and  the  like. 
NHOUSZ  coated  the  different  rods  with  a  soft  wax  that 


tJu  ^ect  of  a  ttone  thrown  utyon  fev.  Gtf  « <?«»^*  ^^^  «!»«  '"our.  Whv 
mest  healed  in  black  and  twpoluhed  vessels  f  In  what  fxsnla  U  it  best 
Of  tehai  material  Bhould  ftivMs  be  comlrticttdr  Fire-piacaf  Whyf 
bat  is  Cutidfictivity  7  Good  condueton^  T  Bad  conductors  f  Explain 
ig*  appiratoi. 


en-     H 

m 
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would  melt  at  about  140*^  F.,  and  then  filled  the  vessel  with 
boiling  water.  Upon  some  of  the  rods  the  wax  melted 
rapidly,  upon  some  more  slowly,  and  upon  others  not  at  all. 
Thia  showed  that  the  rods  yaried  in  their  conductivity. 

It  has  been  ahowtt   that  metals  are  Uie  best  condactora,  after 
which  coimea  marbl©j  then  porceJaln^  brieknj  wood.  glaBs,  re«in,  &c. 

Oo&ductivity    of  Liiquidfl.  —  Oonvection.  K 

00$,  Liquids  are  bad  conductors  of  heat,  except  inef' 
cury,  which  is  a  metal  They  are  such  bad  couductorB  that 
RuxrFORD  asserted  that  water  h  not  a  conductor  at  all. 
More  careful  experiments  have  shown  that  all  liquida  ar« 
conductors,  but  al!  are  extremely  bad  ones.  ■ 

Liquids  ai^e  heated  by  a  process  of  circulation  amongst^ 
their  particles,  called  convection^  the  heat  being  applied  frora 
below,  as  shown  in  Fig»  143.     When  the  particles  at  the 
bottom  become  heated,  they  expand,  and  as  they  are  then 
Jighter  than  the  cooler  particles  above  them,  they  rise  to  the 


I 


EiplBiii  hli  metbod  of  aelnp  It?  Whut  are  Be  het/^  conductors t  WhathodUi 
^>OfM  ntai  in  ordtr  t  ( 305.>  Are  llqnlda  good  or  b»d  conductors  f  How  are  Hqiiidi 
*■        If    Explain  Uie  I II nitration. 
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The  reafioit  of  I  his  is,  that  the  former  &re  good  eondaclont)  and 
abstrax^t  the  animal  heat  from  the  hand,  whilst  the  Utter  nre 
conductors,  and  do  not  convey  away  the  heat  of  the  haod. 

Wooden  handles  are  sometimes  fitted  to  metallie  vessels  which  m 
to  contain  heated  liquids*  This  is  because  wood  is  a  bad  condacior, 
and  therefore  does  not  convey  Lhe  heat  to  the  hand.  For  a  Rimilv 
reason,  when  we  would  handle  any  heated  bodyj  we  often  iiiterjxiw 
d  thick  holder  of  woollen  cloth,  the  latter  being  a  b*ad  condkiclor. 

To  preserve  ice  in  summer,  we  surronnd  it  with  some  bod  coo- 
ductor,  as  straw,  sawdust,  or  a  layer  of  confined  air  The  am 
mean»  are  adopted  to  preserve  plants  from  the  action  of  frcist.  In 
this  case,  the  uon-oonduc ting* substance  prevents  the  radiatioi  of 
heat. 

Cellars  are  protected  fram  fro«t  in  mnter  by  a  doable  will 
inclosing  a  layer  of  air,  which  is  a  non-conductor.  It  is  the  Uftr 
of  confined  air  that  renders  double  windows  eo  efficient  in  exeluthdl 
frost  from  our  houses. 

The  feathers  of  birds  and  the  fur  of  animals  are  not  only  ia  theO' 
selvoM  bad  conductors,  but  Ihey  inclose  a  greater  or  less  quantity 'W 
air,  which  renders  them  eminently  adapted  to  the  exclufiioQ  of  ool"!^ 

The  bark  of  trees  is  a  bad  conductor,  and  so  serves  to  protect  thei» 
from  the  injurious  efrecis  of  heat  in  summer,  and  cold  in  winter 

Our  warmest  articles  of  clothing  are  composed  of  non-conductin? 
fubstances,  inclosing  a  greater  or  less  quantity  of  air»  Such  ^^ 
fursj  woollen  cloths,  and  the  like.  It  is  not  that  these  are  wanoo^ 
themBelves,  but  they  serve  as  non-conduotorB,  preventing  the  escaF* 
of  animal  heat  from  our  bodies.  ^ 


V. LAWS     or    KXPANStON     OF     SOLID3,     tlQirinS,     AND     OAflSS, 


Laws  of  Ezpiaiiaion  of  Solids. 
a©8,     !N"nincroii9  experiments  have  been  made  to  dS 


I 


efeP 


mine  the  exact  amount  of  expansion  which  bodies  experience 

Wh)f  art  wooden  httndh»  attach&d  to  metallie  ««m«£ii  f    ffaw  U  iee  preiMr^^  in 
•wmm«rr     W/iyf     Bow  arA  plantt  prtOeot^t    Whyf    IfmB  ar«  ctttarn  pr^ 
*«fit^fnfm/h>str     WKyf    Why  ar^/Mtksnadapttdto  toiotmdet 
*'•<«* f    Whai  tubstamiMjbrmHu  uiorm^  clothing f    Whyf 


leooiar  j^eyf 


le  addition  of  a  given  amount  of  heM,  As  in  a  former 
le,  it  will  be  found  convenient  to  consider  first,  linear 
msion^  and  afterwards,  expanmon  m  volume, 

,  Linear  eatpatmon.    In  order  to  compare  the  rate  of 

Ir  expansion  of  different  bodies,  we  lake  for  a  term  of 

iparison,  the  expansion  experienced  by  a  unit  of  length 

each  body  when  heated  from  32"^  F.  to  33°  F.     This  is 

fed  the  coefficient  oflifiear  eximnsion, 

fce  coefficients  of  linear  expansion  for  a  great  number  of 

lies  were  determined  in  the  latter  part  of  the  last  century 

Lavoiseek  and  Laplace.     They  reduced  the  substance 

te  experimented  upon  to  the  form  of  a  rod  or  bar^  then 

it  for  a  sufficient  time  to  the  temperature  of  melting 

and  measured  its  exact  length.     They  next  exposed  the 

to  a  temperature  of  boiHng  water,  and  again  measured 

jf length.     T!ie  increased  length,  divided  by  1 80,  gave  the 

icrcase  in  length  of  the  whole  bar  for  1^  F.     Tliis  result, 

ivided  by  the  length  of  the  bar  at  32°  F.,  gave  the  linear 

iQU  of  a  unit  of  length,  and  for  an  increase  of  tern- 

ure  of  l'^'  F.,  that  is,  the  coefficierU  of  lifiear  expansion* 

I  The  following  are  some  of  the  latest  refiults : 


1 

s 

oownciBHT. 

cuzJ^ricisxT. 

•as 

0.00000474 

Brass  .... 

0.00001044 

Winura . . . 

0. 00000483 

Copper,., 

0.00000957 

^ , 

0.00000031 

Bilver .... 

0.00001008 

li^.,i,.. 

0,00000665 

Lead 

0.00001565 

Id 

0. 00000800 

Zinc 

0.00001653 

trni  the  above  tabk%  it  is  seen 

that  the  amount  of  expansion  is 

ya  very  small 

|8*)  WhAt  if  the  coefflcieat  of  liDWir  expanpioti  of  lolldi  I  How  acloimiiiea 
Tcnstsn  ftnd  Latiulcs  T    Git^  90me  of  tM  rmtiis. 
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The  €0^gteimi  i^f  i 
in  voiume  is  llie  menmmi  wloth  s  eobic  unit  of  tiie 
Btanoe   erperieooeft  wbeo   its   tampermlitre   b  raised 
ThU  coefficient  m»y  be  dctermiii^  experimentallT, 
watkj  be  founc^  by  nmlUplyiDgtheooefficieiit  of  linear  < 
lion  by  3. 


ApplktttioM. 

Tbe  piiiieiple  of  expADsioa  explminfl  nmny  fanitli&r  ] 


notnenft,  lome  of  which  arc  indicated  below. 

A  cold  tambler  Is  often  broken  when  it  is  suddenly  fiDed 
hoi  water.  The  explanalion  is  simple.  Glass  is  a  bad  coDdadur 
of  heat,  hence  the  inside  becomes  heated  bj  contact  with  Hie 
water  more  rapidly  than  the  oot«ide,  and  this  inc«[uaJity  of  heatu$ 
prod  aces  an  inequality  of  expsneion  that  ruptures  the  glua*  The 
thinner  the  glass,  the  ie^  will  be  the  inequality  of  expansioa^  »d 
conMC(|uently  the  less  will  be  the  danger  of  rnptore.  In  a  melallic 
voftHot  HDch  an  accident  is  not  to  be  apprehended,  becaase  metals  if» 
good  conductoi^,  and  but  little,  if  any,  ineq^uality  of  expaniioo  eio 
anae. 

Wheu  a  candle  ii  held  too  near  a  pane  of  glaas^  the  glan  \b  o^ 
broken ;  the  reanon  is  the  same  as  before. 

Bcinu'times  a  glass  vessel  is  biroken  by  suddenly  opening  a  dCN?r 
or  window.  Thia  is  due  to  a  current  of  cold  air  which^  felling  up** 
the  outer  surf  ace  of  the  glass,  causes  an  inequality  of  contrwliw 
thai  may  produce  rupture.  All  articles  of  glass  should  be  giiiH<^ 
from  Huddcn  changes  of  temperature,  would  we  avoid  ri*It  *' 
breakage. 

In  the  art  of  engineering,  it  is  important  to  take  into  accowolthe 
expansion  and  contraction  of  the  metals.     In  laying  the  track «>f* 
railroad,  for  example,  the  rails  pbonld  not  be  laid  so  as  to  loach 
**thi^r,  othorwiHe  in  warm  weather  the  expanRion,  acting  throtipli 
long  limsj  might  produce  a  force  sufficient  either  to  bend  the  rail* 


wtiftt  111  tbo  cnf-fftelonl  of  i^xpnrifdoii  In  Trtlome?    How  dptcrmlned  ?    (  HOW^ 
doM  ht4  wfittr  break  a  cold  tvmMer  f     Which  i«  more  fo«iiy  broken,  a  tMn  Q^ 
Of  a  (hkk  f>»«f     Wfiy  f     u'Ay  /4  a  pan*  efgUim  hrokfn  hy  Vu  afyproaek  ^f^ 
ettnttu  r    Why  m€tpa  ot*3M  reimtl  be  br^kfn  bff  <>p<nl*i^  a  door  or  vfind^t  ^^ 
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tear  them  from  their  fastenings.  In  employing  iron  ties  in  buitd* 
g,  arraDgcments  should  be  made  by  means  of  nuts  and  screws  to 
Ighlen  them  in  warm  weather,  and  loosen  them  in  cold  weather, 
lerwise  the  forces  of  contraction  and  expanaion  would  weaken  and 
bventnally  destroy  the  huildmg.  Very  serious  accidents  have  oc- 
cnrred  from  omittiBg  this  precaution. 

The  principle  of  expansion  and  contraction  of  inetais  has  been 
utilized  in  bringing  the  walls  of  a  building  together  after  they  ha^e 
imeneed  to  separate,  A  system  of  iron  ties  is  formed,  passing 
ttaoitgh  the  opposite  walls,  on  the  outside  of  which  they  are  secured 
'bTDnti.  The  alternate  rods  being  heaiedf  they  expand,  and  the 
luta  are  screwed  up  close  to  the  walls.  On  cooling,  the  force  of 
conlraction  brings  the  walls  nearer  together.  The  remaining  rods 
ire  next  heated,  and  the  nuts  screwed  up.  On  cooling,  a  further  ■ 
Wutraction  takes  pi  ace  ^  and  so  on  until  the  walls  are  restored  to 
Iheir  proper  position.  This  method  was  successfully  employed  to 
tftHore  the  walls  of  a  portion  of  the  Consenjatoire  des  Arts  et  Metiers, 
Paris,  which  had  begun  to  separate. 


Oompenjtating:  Pendulum. 

910*  The  construction  of  the  Compensating  Pendulum  depends 
|)on  the  principle  of  contraction  and  expansion  of  metals.  We  have 
Q  already  that  the  time  of  oscillation  of  a  pendulum  depends  npon 
length,  vibrating  faster  when  shortened,  and  slower  when  length- 
'd.  In  consequence  of  variations  of  temperature,  if  a  pendulum 
ere  suspended  by  a  single  metallic  rod,  its  rale  of  vibration  would 
continually  changing. 
To  obviate  this  defect  and  secure  uniformity  of  rate,  various  de- 
res  have  been  employed,  one  of  the  most  important  of  which  is 

Iibrison's  Gridiron  Pendulum,  shown  in  Fi^.  144.     It  consists  of 

^  If 

s  parallel  bars  of  metal,  arranged  as  shown  in  the  figure.     The 

-s  a,  bj  c^  and  d,  are  of  steeL  and  when  they  expand,  the  clfect  is 

lengthen  the  pendulum  ;    the  bar,  rf,  passes  freely  through  the 

piece,  or,  and  is  firmly  attached  to  the  piece,  mjir.     The  bars, 
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PneamHont  to  ht  taken  in  huUding  <u>ith  iron  F  Ebeplain  the  method  ofstruight- 
4n{f  voaiU.  <30l.)  What  etfed  haa  heat  upon  a  pendulum  f  Bow  are  itt 
r§m§diedf    Explain  Urn  Vi4ory  ani>  oonstrueUon  of  I!j.ttuso9r1»  G\ 


ridit^o^^ 
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rorcx-ks  rarsKs. 
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k  and  k^  am  «f  bnat,  fimUT  aUvlMd  to  b«<k 
p(  tbe  croM  pieow,  mn  ftml  or.  When  tkey 
expand,  the  effect  is  W  rmiBe  tbe  pieee,  Mm^ 
ttitl  thui  to  sborton  the  pendulam. 

If  the  pieces  iLre  properlj  adjuMed,  Live 
amoutii  of  hborieniirg  ie  exact  I  j  cqaml  Ui  be 
amoQiil  of  lensthetimg  before  mentiooed,  and 
tkmt  two  balaoeiDg  each  olber,  the  Imstb  of 
tbe  pendalum  remaius  iji%*ariable.  Tbe  ad* 
juitmcnt  requires  that  the  lengths  of  the  roda 
»hotiId  he  invcri«oly  as  their  coefficieDta  of  linear 
oxpaimjon. 

Lawi  of  Ezpamsion  of  Uqnida. 

!ltl.  Liquidfl  are  much  more  expansi- 
ble than  solids,  on  account  of  their  feehle 
eiihesion  ;  their  expansion  is  also  ranch 
nutro  'u'rv^nlnVy  especially  when  their  tem- 
jHTjiturc  nfip roach 09  tlie  boiling  point. 

Tlio  t'XpjiiiBion  of  a  hquid  may  be  ab- 
M(^i6  or  relative*     Tiie  absolute  expan- 
sion of  a  liquid  is  its  actual  increase  of_ 
volume;    the    relative    expansion    is    its 
increase  of  volnme  with  respect  to  the 
contfiining    vessel.      For    example,   in   a 
thermonu'tiT  tlie  rise  of  the  liquid  in  the  stem  is  due  to  il 
relative  expansion^  with  respect  to  that  of  the  stem-    Bol 
expand,  but  the  liquid  more  rapidly  than  the  glass,     Tbi 
capricity  Bf  the  Vvulb  increases  with  an  increase  of  heat^  bi 
the  volume  of  its  contained  mercury  increases  more  rapidly, 
and  therefore  rises  in  the  stem.     The  absolute  is   usually 
greater  thiui  the  relative  expansion.     It  is  the  relative  ex- 
pansion that  we  generally  observe. 


Fig.  144 


I    tio 
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(«11*)  Whjrmw  ll<lQldt  more  ezpaaiU>te  tbui  solid*?    Whsit  1*  il»oliiU>  Mp*""  , 
f     RelfttlTft  expttOBloiif    KxMnple.    Which  la  genemll/ abi«iT«i? 


lute  MpAO*  i 


coefficient  of  expajiiion  of  a  liquid  is  the  expansion 

tt  of  volume,  corresponding  ta  an  increase  of  temper- 

f  one  degreop 

II  with  reference  to  glass,  tlic  coefficient  of  expansion 

l-cury  13  0.000833 ;    that  of  water  is  three  times  as 

ind  that  of  alcohol  nearly  eight  times  as  great  as  that 

sury. 

^^  MB«(fTmm  density  of  Water. 

^Tf  water  is  cooled  down  gradually,  its  volume  con- 
to  contract  until  it  reaches  llie  temperature  of 
f,^  when  it  attains  its  maximum  density.  If  it  be 
ther  cooled  it  begins  to  expand,  and  at  32°  F.  it  be- 
solid,  OT  freezes. 

curious  phenomenon  may  be  sho^Ti  by  using  a  water 
imeter  in  connection  with  a  mercurial  one.  As  the 
ature  is  diminished,  the  hquids  descend  in  the  stems 
^  thermometers  until  the  mercurial  one  shows 
P.,  after  which,  if  the  cooling  process  be  continued, 
rciuy  wHl  continue  to  fall^  whilst  the  water  wiU  begin 

apparent  exception  to  the  law  of  expansion  and  con- 
Ei  is  explained  from  the  fiict,  that  at  the  temperature 
2  F.,  the  particles  begin  to  arrange  themselves  in  a 
der,  preparatory  to  taking  a  crystalline  form.  Some 
iubstances,  such  as  melted  ii'on,  sulphur,  bismuth,  <fcc., 
a  similar  expansion  of  volnmo  immediately  previous 
fig  a  solid  crystalline  form.  It  is  this  property  of 
ling  at  the  time  of  crystal liziit ion,  that  renders  iron 
able  a  metal  for  casting.  The  expansion  of  the  metal 
fill  the  mouldj  thus  giving  sharpness  and  accuracy  to 
iting. 


I  the  coefflefont  of  expwEvAfm  of  a  liquid  f  Wliit  Is  ItsTalno  for  mercniy 
ll«iic«  to  gissar  How  do  th«  coefBcfenta  of  water  wid  alcohol  compare  wHh 
^  (212)  At  whot  teinpefatare  has  waJor  the  grcmtfcat  density  T  When 
ffteie?  How  may  tho  phenomenon  be  shown  r  How  explAined?  Wh»t 
llw  exhibit  •ItDllttr  phenometici  ?    Why  is  iron  m  ^iAii«VV«  tor  vaHUlUiil 
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The  fact  that  water  has  its  gfreateirt  density  at  39 '.2  F^  can 
too  to  form  at  the  surface  instead  of  at  the  bottom  of  rivers  and  1 
Were  it  not  that   ice   is  lighter  than  water,  it  woti^  sink  to 
bottom  a*  faet  as  formed ^  or  rather  would  form  at  the  botlom,  i 
ill  the  colder  regions  of  the  globe  would  hjou  convert  entire 
into  Rblid  masses  of  ice.     As  ice  and  water  are  bad  conducton  e 
heat,  the  summer  sun  would  not  praessa  the  power  to  coiirert  the*] 
hgain  into  water. 

In  Switzerland  it  is  found  by  experiment  that  the  temperatnre  of  1 
the  water  at  the  bottom  of  deep  and  snow- fed  lakes  remains  duriiif  ] 
Urn  entire  year  at  the  uniform  temperature  of  39° J3    F.»  althougb 
the  surface  is  frozen  in  w^i titer,  and  in  summer  rises  to  75*  or  SOT 

It  is  because  water  has  its  maximum  density  at  39". 2  F,,  that  it 
is  taken  at  this  temperature,  as  the  standard  of  comparison  for  deter- 
mining the  specific  gravity  of  bodies. 

Xiaw  of  exp^sudon  of  Gasm. 

213*  Gases  are  not  only  more  expansible  than  eohds 
jind  liquids,  but  they  also  expand  more  uniformly. 

The  coefficient  of  expansion  of  a  gas,  is  the  expansion 
which  a  unit  of  volume  experieocea  when  its  temperature 
increased  one  degree. 

Gay  Lussac  supposed  that  all  gases  expand  equally  ^^ 
equal  increments  of  temperature ;  bat  more  recent  investi- 
gations show  that  the  coefficients  of  expansion  are  aligblly 
different  for  different  gases.  This  diflference  is,  however,  ^ 
small,  that  for  all  practical  purposes  we  may  regard  all  gJtfe* 
as  havitig  the  same  coefficient.  The  value  of  the  coefficient 
of  expansion  for  gases  is  0.00204,  which  is  about  eight 
that  of  water. 

Applications, 

314.     Tbe  law  of  expansion  of  gases  wiieu  heated^  haa 
important  applications! ^  some  of  which  will  be  explained. 


^fiptain  ths  00f»M9iMfi«M  of  ihs  taapamaton  qf  wsUr  Mt  p^«Hn^.     Stmrnpl*  ^ 

U   lake*  in  StoiUtrland.     Why  it  vfaUr  taltn  at  Sfi".  9   r,  a§  a  tktuikofdf 

91 3.)  W^Rl  ^KMllos  are  most  expansible  T    Wlmt  la  tho  oMffident  of  expwri*^ 

4.T  LuwAo'e  o[»l]iloa  ?    Wm  It  itri«fiJy  eoneot  T 


air  of  a  room  becomeB  warmed  and  vitiated  by  Ih© 
[>f  a  number  of  persons,  it  expands  and  becomes  lighter  than 
bal  air ;  hence  it  risea  to  the  top  ot  llje  roi>ip,  and  iis  place 
bd  by  fresh  air  from  withoutj  which  entcra  through  ihe 
rthe  doorsj  or  through  apertures  constructed  for  the  purpose, 
I  should  be  made  at  ihe  upper  part  of  ihe  room  to  permit 
air  to  escape.  Such  in  the  theory  of  ventilation  of  rooms. 
fge  buildings,  like  theatrcSj  tlte  spectators  in  the  upper 
\  often  experience  great  inconvenience  from  the  hot  and 
'air  arising  from  below.  To  remedy  this  evil,  large  open- 
Ited  ventilators,  shoald  be  constructed  m  the  ceiling,  and  cor- 
ing openings  shouLd  be  arranged  near  the  bottom  of  the  butld- 
Mpply  a  Buflicieut  quantity  of  fresh  air  to  keep  up  ihe  circu- 

principal  of  expansion  gives  a  draft  to  our  chimneys.  The 
iflcends  through  the  flue,  and  its  place  is  fsupplted  by  a  con- 
current of  cold  air  from  below,  which  keeps  up  the  com- 
in  the  fire-place  or  gmtc. 

wme  principle  is  applied  in  warming  buildings  by  meajis  of 
i.  Furnaces  are  placed  in  the  lowest  story  of  the  buildingj 
I  provided  with  air  chambers,  which  communicale  vnih  the 
1  air  by  means  of  air-pipes.  When  the  air  becomes  heated 
air  chnmberj  it  riBos  through  pipes,  or  flues  in  the  walls^  to 
Br  stories  of  the  buildingj  and  is  admitted  to  or  excluded  from 
brent  apartmcnta  by  valvea,  called  registers, 
principle  of  expansion  of  air  explains  many  meteorological 
bna.  When  the  air  in  any  locality  becomes  heated  by  the 
the  sun,  it  rises  and  its  place  is  supplied  by  colder  air  from 
ghboring  regions,  thus  producing  the  phenomena  of  w*inds, 
fculation  of  the  atmoBphere  in  the  form  of  winds,  tends  to 
k  the  temperature,  and  also^  by  transporting  clouds  and 
*  tends  lo  etjualize  the  distribution  of  water  over  the  globe. 
Is  nlKO  serve  to  remove  tho  vitiated  air  of  cities,  replacing  it 
pure  air  of  the  nei^^hboriiig  places,  thus  contributing  to  the 
fttion  of  life  and  bciilLh,     Winds  also  act  to  propel  vessels  on 


N 


1^  Bate  doM  (h$  pHwdpU  of  esepanHon  op^raU  in  ventilation  f    Uim  ar^ 
UdinaM  r»ntUate*f  r     What  given  dniftUi  cMmneyif    Brplain  the  theory 
%g  hy  fumactM.    ffowdoe^  the  pHmdpU  of  ii^pansion  product  wlnd»r 
|olo» dMHbutitm  o/wtrmti  and  fjmixtitr^  f 
10 
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ilie  ooean^  tbus  coo  tri bull  us  to  tbe  spreaxl  of  eoimnefOft  i^^ 
lion. 

Without  windSj  our  citie«  'would  become  centre*  of  infw^^ 
klouds  would  remain  motionless  over  tlie  iocalilies  wh«r«  ^^^ 
formed,  the  greater  portion  of  the  earth  would  become  arid  inA^ 
without  rivers  or  Btreams  to  water  liiem,  and  the  whole  e^^ 
t  <m  become  ualnbabitablo. 


Density  of  Qsaea. 

%M^,    The  density  of  a  gas  depends  upon  the  pressure  to  | 

which  it  18  subjected,  and  also  upon  its  temperattir^. 

It  is  for  this  reason  that  we  select  as  a  tenn  of  coinpaiTSflJij 
the  density  at  some  particular  pressure  and  temperatut«.1 
The  standard  pressure  is  that  of  the  atmosphere  when  ^ 
barometer  stands  at  30  inches,  and  the  standard  temperatart 
is  32°  F.,  or  the  freezing  point  of  water.  To  detenmue 
the  density  at  any  other  pressure,  w*e  apply  Mariotte's 
law  ;  to  determine  it  at  any  other  temperature,  we  apply 
the  coefficient  of  expansion,  as  explained  in  preceding 
articles. 

Suppose  it  were  required  to  determine  the  denBity  of  air  when  the 
baromt^ter  indicate.^  20  iiichcii,  and  the  thermometer  62"  F,  ^^^' 
density  being  equal  to  I  at  the  standard  temperature  and  presaurc. 
The  preaaure  being  only  two  thirds  the  standard  pressure^  the  airio 
the  case  considered  would  i>ccupy  once  and  a  half  its  primitive 
volume,  supposing  the  temperature  to  remain  at  32"  F,  But  the 
temperature  being  62^  F.,  or  30°  above  the  standard,  we  multiply 
1.5  by  30  times  0,00204  for  the  expansion.  This  product,  adde^lw 
L5,  gives  for  a  rcBUlt,  1.5918.  That  is,  a  unit  of  volume  at  the 
standard  pressure  and  temperature  becomes  L5918  units  of  voloin* 
at  the  given  pressure  and  temperature.  Because  the  density  vs^ 
ricB  inversely  as  the  volume,  we  shall  have  for  the  required  deiwitf, 
riiriJ  **'  0.6282. 

Oth^r  ffftcin  of  windtr    (aiS.)  On  what  dom  the  density  of  a  gu  a«p«ii^' 
|3¥h«t  tlo  we  take  at  m  standard*    ITow  d(>  wo  (let€r[nl.to  the  dettfllty  at  aiijotJx^ 
ari9  and  temj»erature1    S^ampU, 
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*^e  following  tabic  exhibits  iho  density  of  some  of  the  most  im- 
^%nt  gases,  air  being  taken  as  a  standard  : 


T  A  n  L  K  * 


otnaiTT. 


1  0000 
0.0692 
0.9714 


Oxygen 

Carbonic  acid 


1.1056 


Hydrogen  is  the  lightest  known  body,  its  density  being  fourteen 
end  a  half  times  less  tban  that  of  atr. 


TI.— CHANGE      OF     STATE      OF     BODIES     BY     THE     ACTION     OF     HEAT. 

Fosion. 

316*  It  has  been  stated  that  heat  not  only  causes  l>o<lics 
to  expand,  but  that  it  may  in  certain  circumstances  causo 
them  to  change  from  tJie  eolid  to  the  liquid  state,  or  from 
the  liquid  to  the  gageous  state. 

Wh'fen  a  body  passes  fi*om  a  solid  to  a  liquid  state,  it  ig 
said  to  mdt^  or  fuM^  and  the  act  of  changing  state  in  this 
case  is  q^\qA  fuaion, 

K  a  melted  body  is  suffered  to  cool^  it  becomes  solid  at 
B  the  same  temperature  at  which  it  melted.    Hence  the  melt- 


ing  point  is  the  same  as  the  freezing  point » 

Fusion  takes  place  when  the  force  of  coheHioUj  which  holds  the 
particles  of  a  body  together-  is  exactly  balanced  hy  the  heat  which 
terid«  to  separate  them.  The  teniperature  at  which  fusion  takcft 
place  is  different  for  different  bodies.  For  some  bodies  it  is  very  low, 
and  for  others  very  high,  as  is  shown  in  the  following 


4 
4 


What  U  Vu  lighUtt  bodyt    Gim  ih»  dentUi^^  of  9ome  cfiher  ^^m.    <216) 
Wlut  is  memog  or  fuloa  r     Whm  004*  fusion  take  plaet.  f    Uths  mtmnQp&Mf\ 
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»ODT. 

TlMtFltftATtritS 
OF  FTTBION. 

BODY. 

Cllereury  *..,,,  ^. 

1  —srF, 

BiBmuth* 

50(y'F 

Ice 

32" 

Lead 

627' 

Tallow  .... 

HI' 

Antimony  ..... 

842' 

Wliite  wax  -,.., 

i4r 

4.15° 

Zmjc 

932' 

Sulphur 

Silror......... 

1832' 

Tiu 

Gold..... 

2282' 

All  bodies  tire  not  inelled  by  ihe  action  of  iieaf.  Some  are  ic* 
composed,  pucIi  a«  paper,  wood,  bone,  inarble,  &o.  Simple  \}oA\ti, 
that  is,  bodies  which  are  coiirposed  of  but  one  kind  of  matter,  alwap 
moll,  if  jiurticieutly  healed^  with  a  tingle  exception.  Carbon  hu  iIjus 
far  refliated  all  attempts  to  fuse  it.  ' 

JUitent  Heat  of  FiiEion. 

317,     Bodies  which  can  be  mdted  always  present  tk 
reiiKirkabIc  plieoomeiioji,  that  when  they  are  heated  to  tlie     i 
temperature  of  fusion,  tbey  can  not  be  heated  any  liigl^^fB 
luitil  the  fusujn  is  cotnplete.     For  exatiiple,  if  ice  be  exposed  " 
to  beat,  it   begins  to  melt  at  32°  F.,  and  if  more  li^at  k 
applied,  the  melting  is  accelerated,  btit  the  temperature  of 
the  mixture  of  ice  and  water  remains  at  32°  until  all  the  icfi 
is  melted. 

The  heat  that  is  applied  during  the  process  of  fusion, 
enters  into  the  body  without  raising  its  temperature,  and  \a 
said  to  become  latent.  TVben  the  body  returns  to  its  solid 
state,  all  the  latent  heat  is  again  given  out,  and  once  more 
becomes  senaible. 

The  phenomenon  of  latcDt  heat  mfty  be  illnstrated  by  the  follovr- 
iiag  experiment.     If  a  pound  of  pulverized  ice.  at  32*'  F,j  be  mixed 


WbAt  la  Iftteut  li*at?    B^asibt*  beat  1    iJ&v>  may  th6  phtwmenon  a/kltef^  Mtuil 


ijMuud  of  water  at  174*  F.,  Ibe  heat  of  the  water  will  be  jiiBi 
B«t  to  meit  the  ice,  and  there  will  resiiU  two  pounds  of  watflf 
temperature  of  32°  F.  During  Ihe  process  of  melting,  142'  of 
are  been  absorbed  and  become  latent :  hence,  we  eay  that  the 
Bqaired  to  meh  ioe  at  32°  F.  is  t42*,  or  iu  other  word«, 
ent  heat  of  water  at  32°  is  142*". 

enormous  amount  of  hetit  which  becomes  latent  when  ic« 
JipUins  why  it  is  that  large  rriasRes  of  ice  remain  iiii melted 
onside fable  time  after  the  temperature  of  the  air  is  raised 
J2**  F.  Conver&elyj  ihe  immense  quantity  of  heat  evolved 
rater  passes  to  the  etato  of  ice,  explains  why  it  is  ihat  ico 
>  slowly  in  extremely  cold  weather.  The  absorption  of  heat 
n^f  and  production  of  heat  in  freeziii^j  tend  to  equalize  tho 
iure  of  climates  Ili  the  neighborhood  of  large  masses  of 
ike  lakes  and  ri vera.     ^^v^. 

Cangela  tion. — Soli  difipa  ti  on.— Regelatioii. 

»  Any  body  that  can  be  inelted  by  the  application 
f  can  be  brought  back  to  a  solid  state  by  the  abstrat:- 
heat.  This  piissage  from  a  hquid  to  a  solid  state  is 
jOTiff elation^  or  aidiclfjieatkm, 

Txy  body,  the  temperature  at  which  congelation  com- 
Wk  the  same  m  that  at  which  fusion  begins,  Thna,  if 
je  cooled,  it  will  begin  to  congeal  at  32"^  F,,  and  con- 
,  it  ice  be  heated,  it  will  begin  to  melt  at  32°  F. 
rmore,  the  amount  of  heat  given  out,  or  rendered 
3  in  congealing,  is  exactly  equal  to  that  absorbed,  or 
ad  lateut  in  melting. 

liquids  can  not  be  cougealed  by  the  greatest  cold  lo  which 
subject  tlieni  ;  such  are  alcohol  and  ether,  Pnrc  wjiter  eon* 
32"  f  the  ftalt  wafer  of  the  ocean  congeals  at  27° ;  olive  oi/ 
linseed  and  nut  oils  at  17°, 
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%  ih0  actiitn  of  Intent  heni  on  melting  ma»M*  ofic^.  Altn  »n  f>«fmin^ 
water.  ( S£l  8  )  WIi»l  In  congekMon  ?  ll<>w  Out's  the  jmAui  uf  conpii'lAtlon 
vtth  thAt  of  fnsAnnf  Illustrate.  How  floes  tho  heat  friven  ont  In  AolLdffftog 
rlMi  tbot  taken  up  Id  todtlng  ?     What  Uquidts  havt  >i«v#r  heen/fmei^  f 
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Waler  loaches  it<i  maximum  deufiity  at  88',  75,  and  as  its  lempcr- 
atur^  is  diDiiuishcd  from  itiis  limit,  its  volume  cafitinues  to  incro90 
UQiil  congelatioQ  is  completed. 

If  two  smoutb  pieces  of  melting  ice  be  pressed  against 
each  otlier  they  are  soon  frozen  together.  This  phenome- 
non is  called  regclnlion. 

Kegeliilicin  is  ex  plained  by  supposing  the  interior  of  llie  ice  colder 
til  II  n  the  outer  hiyi^r  jus  I  passing  iii(o  the  state  ivt  water.  When  Ihe 
pieces  are  pressed  tog^etlier  the  luyer  of  water  at  JJ3*  F,  has  a  coldef 
lx>dy  on  each  side.  The  lalent  heat  of  fusion  of  this  layer  is  sooo 
ali^orhed  and  conducted  awny,  and  tlie  water  is  converted  into  \tt 
The  formation  of  a  snow-bull  depends  on  regelation.  Below  atein- 
iwraiiu-e  of  33'  F.  tlio  parlicles  of  snow  are  dry  and  revelation  cm- 
not  take  place.  Hence  a  coherent  snow-ball  can  only  be  made  of 
melting  anow. 


OiyataUixation. 
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510.     When  bodies  pass  slowly  from  the  liquid 
Rfdid  states,  their  particles,  instead  of  arranging  themselves 
in  a  confused  manner,  tend  to  group  themselves  into  regtilar 
forms.     These  forms  are  called  enjstaUy  and  the  process  of 
forming  them  ia  called  vrystaUizatuyn, 

Flakes  of  saow,  sugar  candy,  alum,  common  salt,  ami  the 
like,  offer  examples  of  crystallized  bodies.  The  fonns  of  tli| 
crystals  nre  beat  seen  under  a  magnifying  glass. 

Bodies  may  be  (MTstallized  in  two  different  ways.     In  ti>^ 
fii-st  case,  we  melt  them,  and  then  allow  them  to  cool  slowly 
If  a  vessel  of  sidphur  bo  melted  and  allowed  to  cool  slow^ 
ii  w  ill  commence  crystallizing  about  the  surface,  and  if  ^ 
break  the  crust  tints  formed,  and  j)our  out  the  interior  X\i\m 
sulpliur,  we  may  obtain  beautiful  crystals  of  sulphur. 

Irk  the  sec^jfid  case,  we  dissolve  the  body  to  be  crysitalliK^ 
and  then  alhnv  tlie  solution  to  evaporate  slowly.     The  dis- 
solved  body  is  then  deposited   at  tlie  bottom  and  on  ^^| 

Explain  the  ptumomBntmt^  regulation.  lUu^traU,  {%  I  B<>  What  arc  onritali^* 
Wlittt  Is  cryt^Ulltxtttktn  *  Bxamplee.  flow  m&tiy  methods  of  cry«tallt£Atlou  V 
GtplaUi  the  f^rat  metbod.    Tbe  ■«coad  methoii. 


the     I 
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of  the  vessel  in  the  form  of  crystals.    The  slower  the 
SBS,  the  finer  will  he  the  crystals.     It  is  in  this  manner 

«^e  crystallize  candy  and  various  salts. 

Freexlng  BKixturea^ 

O.  The  absorption  of  heat  which  takes  place  when  i 
passes  ^om  a  solid  to  a  liquid  state,  is  often  titilissed  in 
iroduction  of  intense  cold.  This  rt^sult  is  best  obtained 
ixing  certain  substances,  and  these  mixtures  are  then 
1  freezing  mixtures. 

mixture  of  one  part  of  common  salt  and  two  parts  of 
ded  ice  forms  a  mixture  that  is  used  for  freezing  cream. 
salt  and  ice  have  an  affinity  for  each  other,  but  they 
lot  unite  until  they  pass  to  the  liquid  state ;  in  order  to 
to  this  state  they  absorb  a  great  quantity  of  heat  from 
leighboring  bodies,  and  this  causes  the  latter  to  freeze. 
leans  of  a  mixture  of  salt  and  snow,  the  thermometer 
be  reduced  to  0. 


—  TAPOmZATI  ON.  —  ELASTIC      FORCE      OF      TAPf>RS. 

Vapozization.  —  Volatile  and  Fixjed  Uqnida. 

1,     When  snilicient  heat  is  applied  to  a  liquid,  it  is 

jrted  into  a  gaseous  form  and  is  called  a  vcqxjr.     The 

re   of  state  from  a  liquid  to  a  gaseous  state  is  called 

Hzation, 

fiversely,  if  heat  be  abstracted  from  a  vapor,  it  will 

1  to  a  liquid  form.    The  change  of  state  from  a  vapor- 

>  a  liquid  form  is  called  condensation, 

pors  are  generally  colorlcfifi,  and  are  endow  ed  with  an 

isive/orce^  r>r  tension^  which,  when  heated,  may  become 

great. 

M  WliAt  Is  ft  frcfdnf  mtitnra?     TSiampb.     Explain  Its  acttoo?    (8!i1.1 
I  raporizfttioQ  f    CondeiiMtion  T    Geaefal  propcrtlos  of  vopon  f 


i 
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The  number  of  Tapore  Uial  exist  mt  ordbary  1 
is  rery  siiiall.     Of  these,  watery  vapor  is  the  nuMt 
as  well  as  the  most  important,  on  accoimt  of  the  part  vUA| 
it  plays  m  many  nntiiral  pheuometia. 

Liquids  are  dh  iderl  into  two  classesi,  with  respect  to  tint 
ruadlness  with  which  they  pass  from  the  liquid  to  the  vap 
ous  slate»  yvl  :  vtdatUe  liquids  and  fixed  liquids, 

VoLATTLE  UQUtDS  are  those  which  hare  a  natnral  tenJfWtl 
to  pass  into  a  state  of  vapor  even  at  ordinary  temperatQr«*i 
BU(;h  as  ether,  alcohol,  and  the  like.  If  a  Teasel  of  wM 
alcohol,  ether,  or  chloroibrm  be  left  exposed  to  the  air,  ihe  j 
liquid  is  slowly  converted  into  vapor,  and  disappears;  WJ 
other  words,  it  evaporates*  To  the  class  of  volatile  Bquidaj 
belong  essences,  essential  oils,  volatile  oils,  amongst  wl) 
may  be  mentioned  Bpinte  of  turpentine,  oil  of  laventej 
attar  of  roses,  oil  of  orange,  and  the  like* 

Fixed  liquius  are  those  which  do  not  pass  into  vapor  «t] 
any  temperature,  as,  for  example,  fish  oils,  olive  oils,  aod  tb^ 
like.  At  high  temperatures  they  are  decomposed,  ^^'ing 
rise  to  various  kinds  of  gases,  but  to  no  true  vapors  that  ci* 
be  coudcnscd  into  the  original  form  of  the  liquid.  Son 
oils,  like  linseed  oil,  harden  on  exposure  to  the  air,  but  it  ii 
not  by  evaporation,  but  by  absorbing  oxygen  from  the  s 
and  tbu3  jmssiug  to  a  solid  state.  Some  solids  are  capab 
of  passmg  directly  to  a  state  of  vapor  without  fii*st  becomin 
liquid.  To  this  class  belong  camphor,  musk,  and  odoroufl 
bodies  generally.  Snow  and  ice  may,  under  certain  circu 
stances,  evaporate  without  melting. 

Evaporation   tmder  preMure. 
1*5151.    The  Influenco  of  evaporation  by  pressure  may  be  illuetn 


yiio  ninMt  trapoftftTit  vt^porf  Whdt  two  c\iwit?a  of  llquU\a  hive  wof  Whi*  */» 
^'ilritno  IlinUdft?  Examples  Ulustrntft.  What  are  fiicil  liquid*?  Eziuaple»> 
Kff»nt  of  higb  tcjnpomturc*  upon  them  ?    Olvo  ciamplea  of  »o!l(ls  that  vatwfUal* 
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f  means  of  an  apparatiiB  shown  in  Fi^.  145.     It  consists  of  a  ctjrvc*d 

lube,  the  short  branch  of  wliieh  is  closed  and  ftllod  with  mercury  ; 

Oie  rnercary  also  fills  a  portion  of  the  long  braneh.     Aumall  quantity 

of  ether  is  introduced  into  the  ihort  branchy  when  it  at  onco  rises  to 

mkt  top,  5,  of  thi«  branch.     At  ordinary  temperatures,  the  prcj^sure 

fcftJie  external  atmosphere  exerted  ihrough  the  mercury,  is  suflioieut 

^f>rev&iit  the  ether  trom  forming  vapor 

If.  however,  the  tube  is  plunged 

into  a  vessel  of  water  heated  to 

Hf ,  the  ether  will  be  converted 

tnto  vapor  and  will  occupy  a  cer- 

taii]  portion^    AB.    of    the    tnbcj 

holdi&g  in  equilibrium  the  presisure 

^^  the  atmoRphere,  together  with 

tl^«  weight  of  the  mercurial  column 

t^^ose  height  is  AC. 
If  Ihe  tube  be  withdrawn  and 
allowed  to  cool,  the  vapor  of  ether 
^'11  be  condensed,  and  will  appear 
'  a  liquid  at  B.  If  more  heat  be 
spiled,  it  wili  again  be  converted 
I  vapor,  and  the  mercury  will 
ill  Ih'fe  branch.  C  ns  long  as 
•y ether  remains  to  be  evaporated. 
Mb  fihowB  that  the  tension  of  the 
^ipor  augments  with  the  tempera- 
ture. This  principle  holds  true  for 
M  kinds  of  vapor. 
KThc  tension  acquired  by  the  va- 
por of  water,  or  steam^  often  he- 
epfnes  80  great  by  being  healed  as 
to  burst  the  »troniie.'?t  vessels,  and 

thus  is  the  canwe  of  frightful  accidents.  The  cause  of  wood  snapping; 
rhen  burned  in  a  fire-placej  is  the  expansion  of  the  water  in  the 
lores,  giving  rise  at  last  to  an  explosion.  When  a  chestnut  is 
Mated  in  the  ashes,  the  moisture  within   the  shell   expands  into 


Kig.  145. 
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!22.)  ErT?iain  the  tatpitriment  «AmrM^  the  iTf/tutmct  qfpr^aaure  on  vftpoirimt- 
W%if  do«9  uo9dt  fiutp  wh«n  bumtdf    Why  tfoM  a  oK««lwu4  tvui/p  uAmav 


P  fire. 
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ftt^Aio,  and  explodes  wilh  safficieni  force  to  throw  tbe  oat  from  ^\ 
fire.  HeDce  it  is  that  a  «>mall  puncture  is  usually  niflde  in  thefcbfd 
vhicb  pcrmita  tbe  escape  of  tb^e  «team  and  preveuts  exploiion 

Imrtant-aneoug  BvaporaUdn  in  a  Vacimm*     | 

933.  Vapora  formed  upon  the  surface  of  a  liquid  &^ 
1  y  virttte  of  their  tension.  Under  ordinary  circumataDC 
the  pressure  of  the 
air  prevents  u  very 
rapid  esenpe  of  va- 
por at  ordinary 
temperatures,  but 
when  the  atmos- 
phenc  pressure  is 
diminished  in  any 
way,  evaporation 
taki.>s  place  with 
great  rapidity,  li 
the  presj^urc  is  en- 
tirely removed,  the 
evaporation  is  in- 
stantaneous, like 
the  flash  of  gun- 
powder, espeoiaHy 
if  tile  liquid  is  very 
volatile. 

ThiH  prineiplc  may  ■^"  ^^ 

be      illnjilrated       by 

uicaiis  of  the  nppara-  ^^^8  ^*^ 

I  us  shown  in  Fisi.  146 
ft  conaiiitB  of  (several  barometer  tubes,  A^  li,  V,  A  filled  with'ni' 
and    invortcd  in  a  common   eiBteru  of  meicury,  as  fhown 
/Igure.     The  whole  apparatuR  is  supported  by  a  frame,  to  WJ 


Mas       c  u 

HIS  A 

1      1   i          : 
11     \ 

^««0  remetiUdr   (jag)  Why  do  vapora  escape  fWm  tliu  »iirfM!e»  uf  I 
whan  »,h«  iireaaun*  1«  rornov«d,  vchat  liftppcnsf    /Toto  may  tha  prUtHpU  ft 
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II,  graduated  ^calo.  The  mercury  will  Ktaiid  at  the  same 
in  all  of  the  tubes,  at  the  height  in  J,  for  example, 
few  drops  of  water  be  ititmduced  into  the?  lubo  B^  Ihoy  will 
irou^h  the  mercury  in  the  tube,  and  on  rciiebing  the  vacuum, 
instantly  converted  into  vapor,  a^  is  shown  by  the  depre&sion 
iifceis  place  in  the  column  of  mercury.  If  a  little  alcohol  b6 
!  lucGtl  into  the  tube  C,  it  will,  in  like  manner^  bo  converted 
fipor,  aud  v^ill  produce  a  still  greater  depression  of  the  column, 
.^rndl  quantity  of  ctlier  be  introduced  into  the  tube  D^  a  slill 
jer  depression  of  the  mercury  will  be  observed, 
bis  ciperiment  shows  that  the  tension  of  Ibe  vapor  of  ether  is 
Icr  thaa  that  of  alcohol,  and  that  of  alcohol  greater  than  that  of 
f.  By  careful  nicasurementj  it  is  found  (hat  the  tension  of  the 
f  of  ether  is  twenty-five  times  sui  great  as  that  of  water^  and 
unca  as  great  as  ibat  of  alcohol. 

'  Limit  of  the  Tension  of  Vapors* 

k4.  If  a  sufficiejit  quantity  of  each  of  the  liqiuds  iu  the 
experiment  ha  introduced  into  the  tubes,  vapor  will 
I  y  cease  to  fonu,  and  a  portion  will  ri^main  in  thr  iKpiid 
I ,  In  this  case  the  tension  of  thu  vapor  already  formed 
Ipcient  to  balance  the  tendency  of  the  liquid  to  pass  into 
ite  of  vapor,  In  this  state  of  affiiirs  no  more  vapor  can 
L  without  a  dinnge  of  temperature.  This  is  the  case 
psed  in  the  last  article. 

is.  When  a  given  space  has  taken  all  of  the  vapor 
It  can  contain,  it  ia  said  to  be  saturated.  For  exaTiiple, 
Iter  be  poured  into  a  bottle  filled  with  dry  air,  and  tlie 
|e  be  hermetically  sealed,  a  slow  evaporation  will  go  on 
1  the  tension  of  the  yapor  given  off  is  equal  to  the 
lency  of  the  remaining  water  to  pass  into  vapor,  when  it 

Iffl  do99  the  eicperiment  sAoirf  (234.)  When  docs  irapot  cAiuM  W  l<5tta^ 
m)  WJiM  Ig  M  spaeii  aatarat^d  wHh  vapor f    Bzample  1 
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wU  €Mmm,     In  this  case,  the  space  widim  the  bottle ; 

It  is  a  rcmft^ble  fiMSl^  oUbliahed  hj  nameroos  cip 
meiiis^  UiftI  lor  llie  nme  lemperatiire,  the  ijumiuty  o(tm 
vapor  nttGcaataj  to  saturate  a  givea  space  b  alwap 
Bame,  whether  that  space  Is  a  vacaum,  or  whether  it  contl 
idr  or  Jitiy  other  gas.    The  only  point  of  difference  in  till 
cases  is  the  raptdttr  with  which  the  saturation  takes  pb 

If  the  tcmpframre  varies,  the  amount  of  vapor  reqalij 
lo  iciiumte  a  given  space  will  rary  ako,  Tlie  higlt^r  1 
teiufvemture^  the  gre^iter  will  be  the  quantity  of  n^ 
required  to  saturate  the  given  space,  and  the  lower  I 
teiuperature,  the  less  the  quantity  required  for  saturatioo. 

TKe  quantity  of  watery  vapor  in  the  atmosphere  isi 
variable,  but  notwithstatulinij  the  continued  evaporatW 
that  is  taking  place  fmoi  lakes,  rivers,  and  oceans,  the  nil'  ^ 
the  lower  regions  of  the  atmosphere  is  never  saturated. 
The  reason  is,  that  the  vapor  being  less  dense  than  the  ftir 
at  the  stirface,  rises  iuto  the  higher  regions,  where  it  is  con- 
densed by  tlie  greater  cold  existing  there,  and  &II0  U)the 
earth  in  the  form  of  rain, 

Caui6«  that  aooelerate  XNrapomtioxi. 

1i96.     The  slow  evaporation  of  water  on  the  8ui*fHce^ 
our  globe  is  accelerated  by  many  causes,  some  of  wliieb  1 
indicated  below : 

1 .   Temperature, — ^Increase  of  temperature  also  increase^ 
the  tension  of  the  vapor  formed,  and  accelerates  evap 
tion. 

This  vmpcriy  18  utilized  in  the  artm  in  the  manufaoturec»rextil 
Tho  evaiioratiou  \n  enrried  on  in  chambers  kept  at  temperatur 

Whnt  i«  the  law  af  Mtiimtlon  at  a  iflvert  temjMjrJiluroT  What  «>flict  but  ft  <, 
«r  U'«>i»eraturo  ?  Why  t«  th«  .luiouii  t  of  vapor  U  the  fttmtwpUere  varUMf*  t  { 
"'f<^l  .'ITect  hu  Increase  of  tfinperatuM  on  cTaporAtion ?     JT^mt  ^  tAis  nn 
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fwnj  80°  to  140°  F.J  the  nir  being  continually  renewed  to  carry  off       i 
tht  vapor  as  fa&l  as  ibrmed.  ^^H 

2,  Pressure, — ^Diminution  of  pressure  facilitates  evapora^      ' 
tion. 


This  principle  has  been  utilized  in  the  arts  for  llic  concenkaiion 
of  syrups.  This  application  is  illustrated  by  the  nieiliod  of  concen- 
trating syrups  in  sugar  refiiiiug.  The  syrups  are  placed  in  lar|te 
sptrertcal  boilerSf  from  \^hich  Ihe  air  is  extracted  by  means  of  air- 
pumps  worked  by  at  cam. 

3.  Change  of  aw, — A  continual  change  of  the  air  in  cou*. 
tact  with  the  liquid  tacllitates  evaponition,  by  carrying  o 
the  vapor  which  would  otherwise  saturate  the  layer  in  eon- 
tact  with  the  Jiquid,  and  effectually  check  the  formation  of 
additional  vapor, 

tt  is  for  this  reason  that  the  surface  moisluro  of  our  Heidi*  and 
roads  disappears  more  rapidly  when  there  ir  a  breeze  than  in  culm 
weather,  Iti  the  arU,  the  principle  is  applied  by  keeping  a  current 
of  air  playing  acroFs  ihe  surface  of  the  liquid  to  be  evaporatedj  by 
means  of  blowers,  or  otherwise. 

4.  Extent  of  the  liquid. — A  large  surface  is  favorable  to 
rapid  evaporation,  by  affording  a  great  number  of  points 
from  which  vapor  may  be  formed. 

This  principle  is  utilized  in  the  arts  by  employing  ihallow  and 
broad  evaporaling  pans.  This  applicaliou  is  ilhiptra!ed  by  ih© 
process  of  making  salt  from  sea-water  The  water  is  spread  out  in 
iarge  pans,  which  are  very  shallow,  and  then  exposed  to  the  influence 
of  the  Esun^s  ray«,  when  the  water  slowly  evaporates,  leaving  the  salt 
iu  the  form  of  crystals. 

Ebullition. 

SI*1T*  Ebutxitiox,  orBOiLixo,  is  a  rapid  evaporation,  in 
which  the  vapor  escapes  in   the  form  of  bubbles.     Thej 


I 

I 

i 


Wbftt  effect  ba»  pressure  t    flow  U  thin  tUili*^  t    What  effect  hfts  eliange  '►f  air  f  J 
J^fipHeeUon  uf  thU  principle  f    What  effect  bus  the  extent  pf  lIcioldT    Bwi  nfj* 
4Mtf  in  M^  orisf  IkampU    (  ? T  7.)  Wbiit  1«  EbuUUVoaT 
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bubbles  are  fonned  in  the  interior  of  the  liquid,  and  riflug  j 
to  the  surface,  they  collapse,  jierraitting  the  vapor  t^  paa 
intD  the  air. 

In  hcaliug  water,  the  first  bubbles  are  due  to  the  small  qunn  ti^? 
of  air  oorUiiined  in  the  liijuid,  which  expand  aud  rise  lo  the  bn^iu^' 
Afterwards,  aa  the 
Ileal  i»  kept  up,  par* 
tic  lea  of  water  arc  coD- 
vorled  into  vapof  and 
rise  through  the  li- 
quid,  becoming  con- 
dctifled  by  I  he  colder 
layers  of  water  above 
tliern.  When  all  of 
the  lay  era  become 
Biiitahly  heated,  the 
bubbles  are  tio  longer 
condensed^  but  rj^o  to 
the  Burfacej  and  es- 
cape with  a  commo- 
tion that  we  cull  boil- 
ing, m  showtj  in  Fig* 
147. 

Th  e  fol !  o wi  n  g  are 
the  laws  tliat  gov- 
ern the  phenomena 
of  ebuUitiou  : 


;p> 


Flit   t4I. 


^«P 


I.    Under  the  same  pressure^   ecLcA  liquid   enters  i 
ebuUition  at  a  Jwced  temperature. 

The  tempei^atiire  at  which  a  liquid  boiJs  is  eaUed  its  boil- 
iuff  point  When  the  barometer  stanilis  at  ."^0  inches,  the 
boiling  point  of  pure  water  is  21 2^  F.;  the  boiliug  point  of 
ether  is  108^  F.;  tlie  boiling  point  of  alcohol  is  174°  F.,  and 
the  boiling  point  of  mercury  is  660°  F»  ■ 


M^pAsn^m^na  ^  h9W.nQ.    "Wbat  Va  i^«  ^ti*.  \*^  ot  «SteKjW\Vw«i\  ^ew*' 
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2.  Tfke  pressure  remaining  the  same^  a  liquid  ean  nM  he 
Ued  higher  t/ian  the  boiling  point 

For  exam[ile,  if  water  be  heated  to  212*^,  it  will  begin  to 

oil,  and  no  matter  how  much  heat  mnj  be  applieil,  it  will 

Icontiaue  to  boil,  but  will  never  becouKi  hotter  tlian  212^;' 

J*-!!   the  appliL^d  heat  passL^s  into  ihe   vajjor  and   becomes 

|.*atent.     It  beeouaes  latent,  because  it  dols  not  beat  either 

I  ''he  water  or  tha  steam  above  212*^.    This  wEl  be  explained 

hereafter. 

C&uBei  that  mo^ly  the  hoiUiig  point  of  Uquida. 

22§.  Th©  principal  cau8e^  that  iutluence  the  boiling 
point  of  liquids,  are  :  th£  presence  of  foreign  bodiea^  varia- 
Hons  of  presiitire^  and  the  nature  of  tlte  vessels  in  which  the 
boiling  is  effected,  I 

1 .  Presence  of  foreign  bodies* — Matter  in  solution  gener- 
allv  raises  the  boiling  point  of  a  liquid.  Thus,  a  aolutioii  of 
salt  does  not  boil  m  readily  as  pure  water.  If^  however, 
the  b<idy  dissolved  is  more  volatile  than  water,  then  the 
point  is  lowered.  Fatty  matters  coinbiMed  with 
-Hunter,  raise  its  boiling  point.  Hence  it  is,  tUat  boil  big  soup 
is  hotter  than  boiling  water. 


^ 


•  boiling 


2,   Variations  of  pressure, — Increase  of  pressure  raises, 
and   diniinution   of  pressure  depresses,  the  boiling  point. 
When  the  pressure  is  great,  the  ^apoj*,  in  order  to  ese^ape, 
nnnst  have  a  high  tension,  and  this  requires  a  high  temper-       i 
fttare.     When  the  pressure  is  small,  the  reverse  is  the  case,  ^H 

This  principle  may  be  iHusI rated  by  the  apparatus  ^hown  iti 
Fig.  148.  It  cojiRjHte  of  a  bell-glaas,  connected  with  an  air~purap* 
Beneath  the  %\am  w  n  vob&cI  of  water.     If  the  air  be  exhausted  from 


WbftI  Is  tbe  MCimd  kw  I  nitrntrtte.  ( fl?  g.)  WhRt  are  the  princtpftt  cau»et  that 
modify  tho  boUtn^  point  f  Whftt  Is  the  effect  of  ImpurtUuftT  tU^ttiaXia  \i3  teiuuca^ik. 
WlMt  iM  the  cSect  of  procure  f    IU»sir'Qt&.    &^plain  iht  wptrimtnX. 


i 


If  it  ia  desirable  to  continue  ihe  ebullition  for  some  time^ 
arrangemeni  must  be  made  lo  remove  the  vapor  as  fail,  as  formed. 
Thia  can  be  effected  by  placing  a  di^h  of  aulphuric  acid  under  Ibt 
bclUglaws.  Tiie  acid  ab??arbs  the  vapor  with  great  avidity.  Furlher- 
more,  there  h  no  increase  of  temperature  in  the  water,  but  on  ibe 
contrary  ibe  temperature  continuaily  falls,  and  (he  water  may  ovcb 
be  frozen. 

The  aame  principle   maybe  fnrtbfr  ill  u*^^  rated  by  a  litllc  iusfrtt^ 
monit  shown  in  Fis.  U9j  called  Franklin's  Pu!s£  Gitu^s.     It  conwBU 

JKhd  maif  wit^r  bfi/honn  bif  etapomtifm  f    J&rptatn  fujiismuK^i  P^iIm  QUtm,  j 
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of  8  glass  tube,  bent  twice  at  right  angle8,  and  terminating  at  each 
extremity  in  a  bulb,  one  of  which  is  somewhat  larger  than  the  other. 
Before  the  larger  bulb  is  sealed,  a  quantity  of  water  is  introduced, 


^^fleient  to  fill  the  antftller  one  and  a  part  of  the  larger  one,  and  this 
^^  then  made  to  boil  over  a  spirit  lamp  until  the  air  is  driven  out 
^^d  the  entire  speee  is  filled  with  steam.  When  this  is  efiected,  the 
^^^e  bulb  is  heriBetieally  sealed  by  means  of  a  jet  of  flame,  directed 
^^ross  the  open  end  of  the  tube.  The  space  above  the  water  is  then 
^^led  with  steam,  wfaieli,  as  the  instrument  cools,  is  reduced  to  a  low 
^^gree  of  tension.  In  this  state  of  affairs  the  heat  of  the  hand 
^Pplied  to  the  small  bulb  is  sufllcient  to  make  the  water  boil,  as 
^^dicated  in  the  figure. 

3.  Nlaiure  of  the  9e$9eL — When  the  interior  of  the  vessel 
^  rough,  the  projecting  points  form  centres  for  developing 
'^apor,  and  the  boiling  point  is  lower  than  when  the  sui-face 
^  smooth.     Water  boils  at  a  lower  temperature  in  an  iron 
^9X1  in  a  glass  vessel.    In  fixing  the  boiling  point  of  ther- 
mometers, a  metallic  vessel  shonld  always  be  employed  to 
^11  the  water  in,  on  account  of  the  fitct  just  mentioned. 


What  tflbet  Ins  the  oatan  of  the  veaMl  on  ebuUitlonf    mutrtte. 
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seeds  tbie,  tbe  valve  will  be  forced  open^  and  a  {mrtion        ^| 

1  will  escape  with  a  whistling  Bouad  that  indicates  great        ^H 

Ave  be  left  open^  the  temperature  can  only  be  raised  to          ^M 

ire  have  the  phenomena  of  simple  boiling.     If  water  bo          ^M 

^  well  corked  boitle,  Lite  tension  of  the  vapor  will  finally         ^M 

»rk  to  spring  from  it«  place  with  a  loud  explosion.            .  ^^^H 

high  tension  of  con-                                                               ^^^^B 

rs  that  gives  rise  to 

^1 

ion  of  steara-boilers,                   ' 

f\         I            ^^H 

s    necessity   of   con- 

<  !"■  ■ " 

^^H 

hem  of  strong  mate- 

S 

^ 

^^^H 

of  providing   Ihem 

'If 

^^^^1 

HT  safety-valves. 

i    1 

i^^^H 

Ikf    the    ElaBtic                  ^ 

U 

.    , 

fl 

tee  ol  Vapor* 

n^ 

^^1 

Dai-ton  measured 
ie  force  of  wateiy 
i    every   tempera- 

]t^ 

Ll 

1 

!m  32"  F,,  up   to 

\ ' 

^^^1 

"by  means  of  the 

J 

1 

!^^H 

i    shown    in    Fig. 

JJ 

m^ 

^H 

^jarattis   consists 

I^IB^ 

^^H 

laronicter  tubes,  A 

^B^J^K 

^^^^B 

illed  with  mercnry,         ,^Si 

^J^t^^^hI 

Bfe^    ^^H 

QTted    in    an               ^8Q|^BBlHflUS^Hi^^^^H 

l&o  filled- with  the      ^^» 

^^HBi^^ 

S^^^^^H 

,ttA         TTHirt  #«iTi.^->      J           ^=^ — -'^F^ 

m^^P^^^^^I 

mercury     alone,               ^    \     v^\     \     ^         ^^^H 

e  tube,  i?,  contaiDS                         ^^  >»i                      I^^H 

quantity  of  water                                                         ^^^B 

0i^U  Uikm.    ( «30.)  Fxplnln  DiLTOM*fl  pppwata*  fof  meunrt»g  the         ^1 

mpora,  wd  the  method  of  a»1  og  It.                                                                         ^M 

1.                  M 

ibe  Domuy.     The  tmbem  wpc  fccfil  in 
(wooden  hmmm^  pbeed  in  m  hmg  ^bm  cf^Bnitr  iM  \ 
water.     A  tlieniuim«t«r,  I,  »  plunged  into  llic  waler  ftr^ 
porpoie  of  detcfiniiinig  its  tcmpenture,    Wken  lirafi  11 
1  to  tlic  boiler,  the  temperatare  of  the  wliole 
milled,  and  tlie  irater  in  the  tabe,  ^^  is  iroDTCfted  i 
vapor,  whose  tendon  is  tMvide  known  bj  tbe  difenenco  I 
Bvel  of  the  mercury  in  tbe  tnb€A»  A  and  A    This  "^ 
ace  is  measured  by  a  scale  attached  to  tbe  cySnder. 
For  example,  it^  when  the  thermometer  stands  at  158^  1 
the  difft?rence  of  level  in  the  tubes  is  9  inches,  mre  say  t 
the  tension  of  vapor  at  158"  is  9  inches  of  mercurv, 
4.5  lbs,,  that  ia,  it  premises  each  square  indi  of  sai&fl^  wi 
which  it  Li  in  contact^  with  a  force  of  4.5  lbs. 

Dalto.^  increaxed  I  he  tfimperature  from  32°  \q  212*,  noting^ 
cttch  degree  the  differenoe  of  level  between  the  tDe-curyin  Ihetnbi 
and  Ihufi  was  enabled  to  form  a  table  showing  the  elastic  torce  I 
vapor  at  all  temperatures  within  these  limita. 

Dl"i.ong  and  Arago  have  more  recently  extended  Dalton'iIsU 
to  temperatures  above  2l2^      Their  iiivesiigations  show  < hat  lb* 
tension  of  watery  vapor  at  212*  F*  ia  1  atmosphere  ;  at  25i>'  F  ^^ 
ii  2  atmospheres;  at  273*"  F.  it  is  3  atmospheres ;  at  29i'F  ili^ 
4  atmosplierefl ;  at  306*  F.  it  is  5  atmoFphcreB. 

From  n\\  of  these  results  we  infer  that  the  tensiou  increase* wfl 
rapidly  wi  It  the  temperature. 

Xiatent  Heat  of  Vapors. 

ttai.     When  a  liquid  begins  to  boil,  all  of  the  heat  that 
is  ml  tied  enters  into  the  vapor  and  becomes  latent.    Tl»e 
:uiinurit  of  heat  that  becomes  latent,  is  different  fordiffer^^^ 
liiinidB.     It  i:^  called  the  latent  heat  of  vaporization,        ^B 

H   Imn  been  aticertarned  by  experiment  that  the  latent  heat  of 
Watery  vapor  is  about  990*=  F.,  that  is,  it  takes  5h  times  is  ma'^^ 


^la»m|ilii.  Beiii^fn  ^Pnot  HmiU  d^e*  Oalton'b  tahle  €^^nd  t  What  f0f^^^ 
V«fiM  rnnyh^  dfmvnT  <a31.)  What  la  laUsnt  beat  of  vaporiaatloDf  ^^ 
■1  if  im%0'uni  to  fat*  tcater  t 
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to  convert  any  qnaJitity  of  water  iuto  steam  as  ib  required  lo 
ihe  game  qoantily  of  water  from  the  freezing  to  llie  boiling 
%.  Tliis  may  be  vcnjied  by  mixing  1  lb.  of  steam  al  212*^  with 
bs,  of  water  at  32°.  The  latent  heat  becomes  sensible  by  tiia 
len^atioiL  of  the  vapor,  and  there  results  6i  lbs.  of  water  at  2120 

ISzamplea  of  Cold  produced  by  Heat  becoming  Iiatent. 

183,  If  a  few  dropa  of  ether  be  poured  upon  the  hand  and 
\wed  to  evaporate,  a  sensation  of  cold  will  be  felt,  TJie  otber  in 
iwrating  extracts  the  heat  from  the  hand,  which  becomes  latent, 
Jamp  linen  feels  cold  when  applied  to  the  body,  becanse  the 
iRtDTe  in  passing  to  a  state  of  vapor  extracts  the  animal  heat, 
ich  enterinir  the  vapor,  becomes  latent. 

l"he  warm  wind  of  summer  is  refreshing,  because  it  causes  a  more 
I  ^id  evaporation  of  the  perspiration,  which  abstracts  animal  heat 
nm  the  body  to  become  latent  iu  the  vapor  Ihas  produced.  The 
llness  that  results  from  sprinkling  ihe  floor  of  an  apartment  in 
mtner,  arises  from  the  passage  of  heat  from  a  Hcn&ible  to  a  latent 
ite^  in  consequence  of  the  evaporation  of  the  water.  For  the  like 
Hon,  a  shower  of  rain  is  generally  followed  by  a  diminished  tem- 
mture. 

R^aler  maybe  eooled  by  putting  it  in  porous  vesseU.     A  small 
I  intity  escapes  through  the  pores,  atid  in  evaporating  abstracts  a 
^tifin  of  heat  from  the  remaining  liquid,  thus  reducing  its  temper- 
ire.      This  is  the  proeesa  of  cooling  water  employed  in  many 
I  pica!  countries. 


Oongalatiou  of  Water  and  Mercnry  in  a  Vaounm. 


I 


133.     When  evaporation  is  rapidly  increased,  the  ab- 

rption  of  heat  m  proportionally  increased^  and  as  it  is 

ken  from  the  surrouiidifig  objects,  these   are  BOtnetiraes 

|en*     It  lias  been  stated  that  water  mav  be  frozen  under 


c  i«  thi»  tthtncnf  (332)  Why  tfos^  />th.ef  p*oduos  cold  hjf  tvaporaU€nT 
dM9  damp  lin0n  fttl  coidf  Why  U  iCfar^n  wind  refreahing  in  awmmerf 
i^  tpHnkHngt  O/athmctrf  //ww  «  waUr  eooled  in  porous  ^dVMi^f 
L)  Why  doei  eyBporatloo  pn)4aoe  cqU  in  aarroaadliLg  objeour 


3 


the  reeeiTer  of  the  air-puTnp  by  abeorbing  the  fsspQf  i 

pfiipi^lly  ^»  it  18  generated. 

By  operating  with  a  liquid  more  volatile  than  waterJ 
greiiter  degree  of  cold  is  produced,    By  using  siilpbun 
leM,  which  boils  at  14"^  F,,  a  suflSi-ient  degree  of  coldisprf 

P-dnctnl  to  freeze  moreury.  Thia  is  effected  by  sarronndi 
a  thermometer  bulb  with  cotton,  saturated  with  sulphun 
acid,  and  then  placing  it  under  a  receiver  and  exhaa 
tlte  :iit%     . 

The  rapid  vaporization  abstracts  so  much  heat  frora 

I  mercury  that  it  freezes  in  a  few  minutes.     If  we  break  \U 

fbulb,  the  mercury  is  found  in  a  solid  mass  like  a  h 
bullet.  In  this  form  mercury  can  be  draw^n  out  into  sheefl! 
or  stamped  like  a  coin,  but  it  soon  absorbs  heat  from  neig 
baring  bodies,  and  ngain  paisses  to  a  liquid  8tate 


Till, —  CONDENSATION     OF     OJLSSS     ANO     VAPORS. —  SPECITIC    HUT, 


OamM  of  OondeoAation* 


334.  The  CoxDKNSATioN  of  a  vapor,  15  its  change  froiti 
a  vaporous  to  a  liquid  state.  Tliis  change  of  state  may  arise 
from  chemical  action^  pressure,  or  diminution  of  tempef- 
ature, 

L   Chemicai  action. — The  affinity  of  certain  substances 
for  the  vapor  of  water  is  so  strong  that  they  absorb  it  fruai 
the  air,  even  when  the  latter  is  not  saturated;  such,  ftjta 
example,  arc  quick-lime,  potash,  sulphuric  acid,  and  md^l 
others.     When  placed  in  a  closed  space,  they  in  a  short  Utoe 
abstract  all  of  the  moisture  that  is  in  it. 


2.  Pressure, — If  a  closed  cylinder  be  filled  w^th  vapor, 


a^^ 


Explntn  thocxjwrtmetit  wllb  finlphwfoaa  Bcld.    Can  mercary  bo  fmicn  ?    (SS4) 
Wlmt  b  nondeosatioQ  ot  a  vn^r  f    Cwim*  ?    Effect  of  olieuilokl  «eUon  f    Eijua^ 
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I  be  compressed  hy  a  piston,  as  soon  as  the  space  occU'* 
i  by  the  vapor  m  snturatetl,  it  will  begin  to  condense, 
L  if  the  pressure  be  continued,  all  the  vapor  will  be 
lUccd  to  the  liquid  state.  Until  the  space  becomes  satu- 
ed,  the  pressure  must  be  continually  increased,  on  account 
the  augmented  tension  of  the  vapor,  but  atlcr  liquefaction 
no  further  augmentation  of  tension  takes  place,  and 
pressure  required  to  complete  the  liquefection  remains 
iform, 

3*  Diminution  of  temiyerature^ — When  the  temperature 
any  space  is  diuiinished,  the  amount  of  vapor  required  for 
u  rati  on  is  diminished.  After  the  point  of  saturation  Is 
hed,  any  further  diminution  of  temperature  causes  a 
po^t  of  the  vapor  in  a  liquid  form, 

Steam  is  colorless,  but  when  allowed  to  escape  into  Ihe  cold  air, 
iondeiisalion  takes  place  in  Ihe  form  of  drops,  which  become  visible. 
Jpr  the  sumc  reason,  the  moislmre  contained  in  the  breath  becomes 
ible  in  cold  weather. 

^  winter  the  glass  of  our  wndows  often  becomes  coated  with 
ips  like  dew.  This  arises  from  the  fact  Ihat  the  glass  is  colder 
a  the  air  of  the  room,  and  thus  acts  continually  to  produce  con- 
sation  of  the  vapor  in  the  air.  If  the  difference  of  temperature  is 
icient,  the  particles  of  vapor  are  frozen  as  they  are  deposited, 
lucing  beautiful  crystallizations.  When  the  external  nir  is 
'mer  than  that  within,  the  deposit  takes  place  on  the  outside  of 
glass.  If  a  vessel  of  cold  water  be  placed  in  a  warm  room^  a 
ition  of  moisture  takes  place  on  its  exterior  aurfacei 
*he  nearer  the  air  ii  to  saturation^  the  more  abundant  in  the 
ORit  of  dew.  Hence,  before  a  rain,  the  deposit  is  especially 
mdant.  Stone  waU«,  and  the  like,  being  cooler  than  the  atmos- 
fere,  are  often  in  summer  covered  with  moiptnre,  when  they  are 
lid  to  sweat.     The  moie^turc  in  this  case  is  eondensed  from  the  air, 


„jstnitii.  How  long  mnst  the  presffUTe  r^njrmentf  Effect  of  dfrnlnatloa  of  teiii- 
Iture  1*  What  is  the  color  fifttsfim  f  WAff  doeif  it  hmotM  vitihh  t  Explain  thi 
)«Ui&n  tif  drops  on  glass,  BtpUtin  frost-work  crystals.  Why  is  Ihs  ^posUUm 
I  a^nda^  b^ors  rain  t    Deposition  on  Mtonss  and  vfaUs  t 
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And  does  not  eocne  from  the  Bton^.     If  the  sweating  of  iUmf*  ii 
indicative  of  rain,  it  is  because  the  depoaiUon  ia  moat  abottdiDt  «bea  ^ 
the  air  U  mo«t  nearly  saturated. 

Beat  developed  by  Condeiisatiozu 

tf  35*  When  a  liquid  passes  to  a  slate  of  vapor,  a  gri 
quantity  of  beat  is  absorbed  from  neighboring  bodies,  and 
Lc^eomes  latent.  When  the  vapor  returns  to  a  liqaid  State, 
an  uqoal  aoiouirt  of  heat  is  given  out  and  becomes  capaWe 
of  aftecliiig  our  senses ;  in  other  words,  it  becomes  muilk. 


' 


Headng  by  Steam. 


236.  Buildings  are  heated  by  means  of  steam  conveyed 
from  a  boiler  in  the  lower  story,  through  iron  pipes  m  the 
walk  The  steam,  by  its  heat  and  by  theheat  given  oat  on 
condensation,  serves  to  warm  the  apartments  tli rough  which 
it  is  made  to  pass.  To  this  end,  coils  of  pipes  are  pla<;ed  iu 
the  rooms  to  be  w  armed. 


BijrtillatioiL 


f         587-    DiSTTLLATiON  is  the  process  of  separating  liquid 

from  each  other  by  means  of  heat, 
I  The  most  volatile  of  the  liquids  is  most  easily  evaporated^ 

I  and  its  vapor  is  then  condensed.  Tlie  heat  ehould  be  kept 
I  above  the  boiling  point  of  the  liquid  that  we  wish  to  obtaii 
but  below  that  which  we  wish  to  leave  behind.  The  boil  in] 
point  of  alcohol  bein«;  1  74°  F,,  and  that  of  water  212",  if  a 
Tuixturc  of  alcohol  and  water  be  heated  up  to  some  tefw- 
l>erature  between  these  limits,  the  alcohol  will  all  be  vapor- 
ized, whilst  most  of  the  w^ater  will  remain  behind.  m 

Why  inclicati^g  of  rain  t  {^BB^  Explain  tlie  dpvdopmeut  of  beat  hy  tsinA^v 
PttUon  ♦  ( me^  Expbln  the  pHncfpk  «>r  hewing  buildlruw  by  Bteam  ?  ( tat,)  WM 
l»  diitlDotf on  f     What  d«gre«  of  he^it  \a  required  for  dlatftlatlon f 


I 


i 


M 


Fig.  152 


ed  the  (lome  /  from  the  top  of  the  dome  a  metallic  tube, 
paases  into  a  veBsel,  *S',  called  the  condenser,  and  is  then 
it  into  a  Rpiral  form.  This  tube  is  called  the  womi^  and 
br  passing  throngh  the  condenser,  8,  it  leads  to  a  re^eivery 
The  condenser,  S^  is  ke]*t  full  of  cold  water  by  an 
■angement  shoi^-n  in  the  tig n re. 

the  substance  to  be  distilled  is  placed  in  xU  J^nd  a  suitable 
tt  18  then  applied.    The  tnore  volatile  portion  is  converted 


IS8.)  Wbftt  la  m  Alemblii !    Dfiscribe  the  nuMt  wkoI  foim !    How  1b  dlfltination 
1 

11 
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into  vapor,  rises  into  the  dome,  and  passing  tlirougli  th^ 
worm,  is  condensed,  and  escapes  in  a  liquid  fcSrm  into  t/i^ 
receiver,  I}, 

Wine  is  com  posed  of  water,  alcohol,  and  a  coloring  matter. 
tUis  liquid  be  pi&ced  in  the  alembic  and  boated  to  any  teinperaWre 
botwceD  174"  and  212°,  the  alcohol  is  separated  from  the  oibcr 
iiigredieots.  As  a  portion  of  water  is  evaporatedj  the  alcohol  Lhui 
obtained  is  not  pure,  and  will  require  to  be  distilled  again-  At 
each  distillation,  tlie  strength  is  increased,  but  no  amouat  of  di&tillA-  ^ 
lion  can  render  it  absolutely  pure. 

By  distillation,  pure  water  raay  be  obtained  from  the  brine  of  thf ' 
ocean,  or  from  the  impure  water  of  our  wells  and  springs* 


lique^ction  of  Gases. 

930.     Most  of  the  gases  have  been  liquefied^  either  bf 

pressure   alone,   or  by  a  combmation  of  pressnre  with  a 

diniinntion  of  temperature.     An  immense  pressure  may  be 

I  had  by  utilizing  the  tension  of  tlie  gases  themselves 

generating  large  quantities  in  confined  spaces. 

One  of  the  most  interesting  examples  of  the  liquefaction  of  a  ga*  •' 
that  of  carbonic  acid. 

Carbonic  acid  is  capable  not  only  of  liq^uofnction,  but  also  of 
Igelation.      For  this  purpose,  two  immensely  Btrong  cylinders 
fitted  together,  both  being  hermelically  sealed,  and  communicating 
a  pipe.     One  of  these  cylindors  is  tiie  generator^  and  the  other 
tceiver.     In  the  generator  are  placed  the  insredicnts  neeessarfj 
'generate  carbonic  acid,  usually  carbonate  of  soda  and  solptiuric  a< 
After  the  opening  is  carefully  closed,  these  materials  are  broufiW 
into  conta<3t,  when  an  immense  volume  of  carbonic  acid  is  develoj 
and,  being  iniablc  to  expand,  its  tension  becomes  so  great  that 
tioH  IF  condensed  into  a  liquid  form.    The  tension,  at  the  tempcral 
of  60*  F.^  is  equal  to  50  atmospheres,  or  750  lbs.  on  each 
inch. 


Bepiain  the  method  of  dMmtnff  alcohol  f     WtjUr  f    (939)  How  mAj 
Uqnefli^dl  f    ^ampU.    Eifp^in  th^  app^arftluitf^F  liquefying  oar*boiiia  nci4  f 
pro^*m  cf  IhpniftKtUm  f 


^er  liquefaction  has  oeasedj  if  a  stop-cock  be  turned  eo  as  to 
*  a  part  of  the  confined  gas  to  escape ,  a  portion  of  the  liquid 
passes  to  a  state  of  vapor  with  immen&e  rapidity,  and  in  doing 
mths  80  much  heat  from  the  remaining  portion  as  to  freeze  it. 
rosea  acid  is  thrown  out  by  the  gaseous  jet  in  Hakes  like  snow. 
Tory  whitOj  and  so  cold  as  to  freeze  mercury  iustanily.  It 
■atea  very  slowly^  and  when  tested  with  a  j^pirit  thermometer, 
iperature  is  found  to  be  11 2"^  below  tlie  0  of  Fahhenheit's 
imeter  By  using  this  Folid  with  other  sub^taooes  for  which  it 
affinity^,lhe  greatest  degree  of  artidcial  cold  may  be  obtained. 


K       Spec 


Specific  Beat  of  Solids  and  TJqvddM, 


K  Experiment  shows  that  different  bodies  require 
int  amounts  of  heat  to  elevate  their  temperatures 
fh  the  same  number  of  degrees.  The  amount  of  heat 
ed  to  heat  any  body  a  certain  number  of  degrees,  is 
its  speeijlc  heat. 

qual  weights  of  water,  iron,  and  mercury  have  the 
imount  of  beat  co mm iini edited  to  them,  the  mercury 
3  most  heated,  the  iron  next^  and  the  water  least  of 
^hen  heated  to  a  certain  temperatui^^,  water  absorbs 
mcs  as  much  heat  as  iron,  and  tMrty-three  times  as 
aa  mercury, 

jrder  to  compare  bodies  with  reapect  to  tlieir  specific 
we  take  as  a  unit  tbe  amount  of  heat  necessary  to  raise 
m  weight,  say  1  lb.,  of  water  through  1°  F.  Two 
pal  methods  have  been  employed  to  ascertain  the 
^e  specific  heat  of  bodies, 

lie  Jlrst  metliodj  the  body  to  be  experimented  upon  is 

bt  to  a  standard  temperatnre,  say  212'^  R,  and  is  then 

ht  into  contact  with  ice.    The  amount  of  ice  melted 

kno%vn  the  quantity  of  heat  given  off  by  the  body  in 

nav  <*  portion  h*  wlidifi«d  f  DMeribe  1h€  soUd  gas,  JTow  ina^  inUnw 
produesd  f  What  d^gni  of  Fahrenheit  f  (240.)  Wli&t  la  epeclAc  hnil 
i,  Qow  do  we  oompftre  bodlfa  w!tb  reipect  to  ep«ciflc  bHtT  KipJiln  1 
luid  of  dvtermlnlDg  tbe  Bp<M;lAa  beat  of  &  lx>dx> 


I 
I 


9U 


S13«  to  ir,  from  wlueii  Ike 


best  mMj  be  detcfmiiiedL 


'  ^ecn  j 


r  tile  body  to  be  I 


Inlbe^ 
h  belted  to  s 

water  it  m  lower  tenpenitsre.    The  two  1 
heat  fuid  eoroe  to  a  contmon  tcmpeiatmpew    Tbeo^i 
kfiowledge  of  the  weights  of  the  two  bo£ei  mixed,] 
original  temperatureRi  aod  their  coounon  resalliii^ 
atrire,  their  relftti¥e  qieeific  heata  maj  be  deter 


The  (oUowmg  labia 
imporUiii  tubftlaooet : 


the  specific:  beat  of  a  few  of  Ute  i 


TABLE, 


■UMTAKCn; 

•TBCtnc  tt«4t.     • 

ei?9nAarc& 

■ncxncBiA^ 

Wfltcr 

1. 000 
0J98 
0,1!4 
0.096 

Copper ..... 

Silver 

Mcrcoiy 

Platinum.. 

0.095 

GJaw  .......... 

0.057 

Iron 

Zino 

0.033 
0.03S 

(H  III!  thtise  bodies  water  has  the  greatest  specific  beat, 
and  coiiHCHjiieiitly  it  requires  more  heat  to  raise  its  temper*  ^ 
atur*^  ihroiigli  any  given  number  of  degrees,  ■ 

Wiittn-  heats  slowly,  and  mcTcuiy  very  rapidly.    Of  course 
rnnrciiry  rouh  rapidly  and  water  slowly. 

The  itpcoiflo  heats  of  gosea  have  been  determined  with  regpecitoj 
mr  nil  a  utiincltird,  but  the  resulta  need  not  be  given  in  tliis  tre^tiie^ 


Thii  K^conil  niothnd.    Whnt  body  boa  the  gtnt^mt  »pe(Mo  tusat  t    What  bPdJ«i  ^| 
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Hygrometry. 

11.     IlTGROxrErrRY  is    tbe    process   of   measuring  the 
It  of  moisture  in  the  air  ^ith  respect  to  the  aiiiount 
to  saturate  it. 

object  of  hy^omctry  is  not  t^  determiBo  the  ultcolule  nmmint 

iature  in  the  atmoepherCj  but  simply  to  find  out  its  degree  of 

lion.     The  absolute  amount  of  moi&Luro   remaiuing  the  same, 

atjnofipbere  might  at  one  temperature  be  eaturated,  whilst  at 

jlie  other  temporature  it  would  be  far  from  satiiraiion. 

I  winter  the  air  is  generally  damper  than  in  summer, 
igh  in  the  latter  season  it  generally  contains  a  greatCj 
►lute  amount  ot  vapor  than  in  the  former.  This  is  due 
iifference  of  temperature.  For  the  same  reason  the  air 
amper  at  night  than  in  the  day  time.  A  cold  room  is 
per  than  a  warm  one  for  the  same  reason. 

Molstitre  in  the  Air,   and  its  EfiiBcts. 

!|jg,  Tlie  quantity  of  moisture  in  the  air  varies  with  the 
ons^  with  the  temj^erature^  with  t/ie  dimate^  and  with 
rent  laccU  causes. 

beE  the  air  la  loo  dry^  the  exhalation  by  tbe  pores  of  the  skin, 
insensible  perspiration,  is  too  abnndantj  the  skin  crack?,  and 
fbliatcB,  and   rtmcb  suffering  results.     When  tbe  air  is  too  moist, 

k insensible  perspiration  is  retarded  and  often  entirely  stopped, 
Uing  in  many  painful  diHeaBes, 
Hence  the  importaaoe,  in  a  sanitary  point  of  view,  of  regnlatin,^ 
nount  of  raoisturo  in  our  dw^eliings  bo  as  to  avoid  both  of  the*ie 
nes.     On  this  account  it  is  that  eimpomtors  are  attached  to  our 


ipno 
Bmei 


II.)  What  ia  Hjgrometry  1  lUn^irate,  Explidii  tbe  dlffBrenee  Iwtweeii  tbe 
lifimetrical  Btnte  of  tbe  air  In  winter  and  (mmmar.  ( 3^4$)  Uneler  what  clrcum- 
IMW  do««  the  quanUty  of  TOolsture  In  the  air  vary?  I^plain  <^  ^*<r<  o/dryne  § 
jteoiitore  &n  the  tpsiem.    Important  mnilary  pre^^uHan, 
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fvrnftCM,  which,  when  property  reguluiedj  keep  up  a  cniiUbte  i 
of  inotstnre  in  the  heated  air^  furnished  to  warm  our  aparUne&ts. 


The  Hygroicope, 

91S,     A  Hygro6CX)pe  is  an  instrument  for  showing 
amount  of  moisture  in  the  air. 

Any  hy^p^metric  substance,  that  is,  any  substance  capabi 
of  absorbing  moisture,  may  be  employe*!  as  a  hygroscoffl 
A  great  number  of  animal  and  vegetable  8ubstanc€fl,  sw 
08  pajH-r,  parchment,  hair,  catgut,  are  elongated  by  abaoi^ 
ing  moisture,  and  are  shottcned  when  dried,  and  are  the! 
fore  adapted  to  the  constniction  of  a  hygroscope.  We  sta 
explain  the  construction  of  a  single  instrument  of  thia  dl 
in  ilhistration  ol  the  principle  employed  in  nil 

It  consists,  as  shown  in 
Fig.  153,  of  a  piece  of  wood 
cnt  out  in  the  shape  of  a 
monk,  having  a  cowl  of 
pasteboard  turning  about 
an  axis,  a.  The  axis,  a, 
passes  through  the  neck  of 
the  figure,  and  connects 
with  an  apparatus  shown 
in  the  section  AH^  on  the 
left  of  the  figure.  The  axis, 
*T,  is  connected  w\th  a  piece 
of  twisted  catgut  kept  tense 
by  a  spring.  When  the 
weather  is  dry,  the  catgut 
twists  tighter,  carrying  with 
it  the  axis  «,  and  the  monk 
lays  olT  his  cowl,  as  shown 
in  the  figure.     When  the  w^eather  is  damp,  the  catgut  u 


<  343  )  Wlwt  iB  A  H jgrowjope  ?    Wh»t  subatancoft  m»7  be  cused  In  the  oooflfenieti 
°f  a  liygr<w<»pe  J    Kxmmpl^    Etplaio  the  hygrow^pe  ahowa  In  Fig,  Ifig. 
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ttd  the  monk  puts  on  his  cowl.  In  adjusting  the 
rit,  eare  should  be  taken  to*have  the  cowl  on  the 

Bn  the?  catgut  is  damp, 

wilts  of  this  tind  are  very  uncertain  in  their  action,  and 
)re  used  as  matters  of  curiosity  rather  than  for  any  acicntific 
f  may  possess. 

The  Hair  Hygrometer, 

A  Htgromkter  is  an  instrument  for  measuring 
ttnt  of  moisture  in  the  aa*. 
kinds  have  been  invented, 
fiair  hygrometer  is  the  most 

iDStrument  k  constructed 
3  principle  thnt  a  hair  elon- 
len  moistened,  and  shortens 
lei  The  form  usually  given 
shown  in  Fig.  154.  A  hair 
ght  inches  in  lengtli  is  &st- 
its  upper  end,  apd  at  its 
id  it  is  wownd  around  the 
a  small  pulley,  and  tlieii  is 
St  to  it.  A  silk  thread  is 
Lround  the  pulley  in  an  op- 
lirection,  having  a  weight, 
ihed  to  it  to  keep  it  tense, 
le  attached  to  the  pulley 
front  of  a  graduated  arc^  as 
elongates  and  contracts. 

duaie  the  iuetrutnent.  it  is  placed  under  a  beU-glass^  and 
;  thoroaghly  dried  by  bouig  substance,  such  as  quick-lime, 
capable  of  absorbing  ihe  moisture  of  the  air.  The  point  at 
ft  needle  then  fitands  is  marked  0.    The  air  is  then  saturated 


Flff.  154, 


iHuit  is  A  Hygrometer  T     Bxplato  the  oooatructioa  mid  uaa  of  fcbe  baU 
.    ffovi  U  H  ffraduaUdt 
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wttlt  motBttire,  and  the  point  at  which  the  needle  stands  if 
100.  The  intervening  ^pace  is  divided  into  100  equal  pw*!*** 
ihcMj  uns  numbered  from  0  up  to  lOf).  The  temperaiuro  i*  wwA^I 
A  iherinomcier  attached  to  the  frame  of  the  in^rutneut. 

To  U90  the  instrameDt,  we  note  the  reading  of  the  vfm^ 
and  of  tho  thermoraeter,  an<i  from  these  the  exact  aflWtaA 
ortnoislure  in  the  wr  may  h^  computed. 


Hygrometrio  ■tftte  of  the  Atmosphetre. 

Ml(*     I^y  the  iiYuKOMETRic  STATE  of  the  atmosphere,  ^  I 
W9Kk  its  rehilive  degree  of  saturation.     If  we  denote  offli>  ] 
pleto  saturation  by  1,  and  the  air  contain    half  the  amount 
of  vapor  necessary  to  saturate  it,  its  hygrometric  stJite  ^*ill 
be  denoted  by  0.5. 

Gay  Lussac  has  conntracted  a  table,  by  means  of  which  tbo 
hy^rotnelHo  stale  of  the  air  may  be  found  when  we  know  the  rettl' 
itig  of  the  hygrometer  already  deeeribed.  together  with  that  ©f  ^ 
attached  thermometer. 


Fomiation  of  Togr  and  Ooads. 

2'lft.  Fogs  and  Oloubs  are  masses  of  vapor  condensed 
into  drops,  or  vesicles,  by  coming  in  contact  with  colder 
strata  of  tlie  atmosphere.  The  term  fog,  applies  when  these 
masses  are  in  contact  with  the  earth,  and  the  term  cloud, 
when  they  are  suspended  in  the  air. 

Tlie  air  at  all  times  contains  a  greater  or  less  quantity  of 
invisible  vapor,  and  if  at  any  time  the  air  becomes  cooler 
below  a  certain  limit,  a  portion  is  condensed  and  becoW" 
visible  ;  the  result  is  either  a  fog  or  a  cloud. 

One  of  the  most  common  causes  of  clouds  is  the  cold  generated 
an  ascending  current  of  air.     When  the  air  becomes  heated,  it  e^' 
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t  tad  ftBcends,  and  being  coDtitiuftUy  Bubjected  to  a  diminiflhing 
[  expands  rapidly,  ond  a  large  amount  of  heat  must  become 
t^t  This  absorption  of  heat  produces  cold  enough  to  condeoie 
I'^por  into  clouds.  When  a  cloud  floats  into  a  warmer  plratum 
pe  Mmcfiphere,  it  is  often  converted  into  invisible  vapor  and  di^- 
mSt     It  is  dissolved, 

BOtintains  arrest  the  winds  blowing  from  the  plaints,  and  force 
In  to  ascend  their  sloping  fiides.  Coming  in  contact  with  the 
(er  strata  of  the  atmospherej  the  moisture  is  con\*erted  into  cloiid» 
fogs.  Hence  we  often  see  the  mountain  tops  covered  with  fogs 
Iclouds,  when  the  other  portions  of  the  sky  are  clear.  The  con- 
fBition  of  water  on  the  sides  of  mountains  is  the  moat  fruitful 
pe  of  our  fit  reams.  When  a  cold  wind  meets  with  a  warm 
taoist  current  of  air^  the  cooling  process  is  so  great  as  to  generate 

S«ro  theories  have  been  advanced  to  explain  the  reason 
^  clouds  remain  suspended  in  the  air.  According  to  the 
^  theory,  the  particles  of  moisture  are  hollow  spheres  of 
Br  like  soap-bnbbles,  filled  with  air  less  dense  than  that 
lout  Consequently  the  little  vemcles  float  in  the  air 
MO  many  ininnte  balloons.  According  to  the  second^  and 
(rite  theory,  the  particles  are  extremely  small,  and  Moat 
le  air  in  the  same  w\ay  that  particles  of  dust  and  other 
|1  bodies  are  seen  to  be  borne   along  by  the  atnios- 


l{g»  form  OTer  bodies  of  water  and  moist  grounds,  when  the  air 
IB  them  ifi  cooler  than  the  water  or  earth, 
>g8  are  frequent  along  the  course  of  rivers  and  upon  inland 
U  The  cause  of  the  dense  fogs  that  prevail  in  the  neighborhood 
ewfoundland,  is  the  Gulf  Stream.  The  water  hrought  hy  the 
'  Stream  is  warmer  than  that  of  the  surrounding  ocean,  and  as 
irapor  rises  from  it,  it  is  converted  by  the  cold  air  from  the 
laboring  regions  into  fog. 

^^Kp  a  doud  di9»oliS6  T  ^ect  ofmmintaim  &n  clo  ad*  f  mUU^  cf  rtioun ' 
^^■|iaito9>f  ExplfUn  tho  two  tbeorlea  of  tha  fortnatloti  of  ckiDilsi.  Wfur* 
^Hm  fr^uemi  t     Why  so  many  fo^e  on  the  bank*  of  X^ti^fiymtdland  t 
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Rain. 

941f\    Rain  is  a  fall  of  drops  of  water  from  the 
^^lK'li^     When  several  particles  of  a  cloud  anite,  the^ 
bccomra  too  great  to  be  supported  by  the  air,  and  the  dnipl 
thuM  formed  falls  to  the  ground. 

When  li  doud  flaatA  into  a  eolder  stratum  of  the  ntmo^pUert^  !V  j 
ln'i^init**  more  oondcnaed,  and  we  have  a  fall  of  ram.  When  ii  1 
iiitti  a  wanner  at  rat  urn  it  dissolvcfi.  Hence  we  often  soc  ihe  ctoofe 
lit  tho  incirtmig  dmsolve  under  Ike  influence  of  the  sim.  which  acUlo 
hoat  iha  upper  rcgiomi  of  tho  atmosphere, 

Tlie  quantity  of  rain  that  falls  10  any  country  depcn<i» 
ii|H)ii  jl.s  neii^hborhuod  to  the  ocean  or  other  bodies  of 
wsUer,  n|Hiij  ihu  season,  upon  the  temperature^  and  upon  tbe 
prevailing  direetion  of  the  M'lnds,  More  rain  falls  near  the 
coastH  t!ian  in  the  interior;  more  rain  falls  in  summer  than  in 
whiter ;  nn)i'e  rain  Ihlls  in  tiopieal  climates  than  in  tempe^ 
ate  and  jxAar  climates  ;  and  tin  all  j,  more  rain  falls  in  thoM 
eonn tries  where  the  prevailing  winds  are  from  the  ocean 
than  where  they  are  from  the  continents. 

The  following  table  indicates  ihe  number  of  inches  of  rain  M 
fall  during  tho  year  at  the  places  named  : 

At  Copenhagen  . 18  inches. 

»'    Paris.. 22      " 

''    Havana ,     90      " 

''    Calcutta , -„,     81       " 

«'   Grenada 126      '* 

From  this  we  see  that  the  quantity  of  rain  increases  rapidly  w  1 
approach  the  equatorial  regions. 

( 24 1.)  WhAt  in  Rain  f    SSirpIain  tks  cau9€  ofrain^    tTfhOti  trlint  dcwa  ll»e  awn 
of  rain  in  any  place  dopond!    ffie«  MHUitpJM  t^ifu  amowU  q/min  in  ^*" 
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94§«  Dew  b  a  depoation  of  watery  particles^  that  takes 
place  npoD  the  sml  and  plants  daring  the  cahu  nights  of 
Slimmer. 

The  tme  theory  of  dew  was  first  established  by  Weli^ 
According  to  his  theory,  dew  results  from  the  earth  and 
pbnts  becoming  cooled  by  radiation,  thus  producing  a  de- 
posit of  moisture  from  the  neighboring  strata  of  air.  Good 
^Hdiators  are  soonest  covered  Tidth  dew,  whilst  bad  radiators 
We  little  or  no  dew  formed  upon  them. 

The  state  of  the  atmo6{^ere  influences  the  amount  of  dew. 

Whai  the  air  is  clear,  the  dew  is  abundant,  when  cloudv, 

little  or  no  dew  is  formed.     In  this  case  the  clouds  radiate 

^eat  to  the  earth,  and  this  prevents  the  latter  from  cooling 

*o  nipidly.    A  strong  breeze  prevent  the  formation  of  dew, 

^y  removing  the  strata  of  air  next  the  earth  before  they 

"ave  time  to  be  cooled  down  to  the  point  of  saturation,  or 

^j^e  dew  point.    A  gentle  breeze  may  ^cilitate  the  fomia- 

^'on  of  dew,  by  replacing  the  layer  of  air  from  which  the 

^^ter  has  been  deposited,  by  another  which  contains  more 

'^isture. 

White  Fbost  is  nothing  more  than  frozen  dew.  It  is 
^^en  seen  in  autunm,  and  arises  under  the  same  circum- 
^tices  as  are  £ivorable  to  the  formation  of  dew.  In  order 
^t  frost  may  occur,  the  earth  must  be  cooled  below  32°  F. 

Snow  and  Hafl. 

^49.  Snow  is  a  collection  of  frozen  particles  of  water, 
^^^ed  in  the  upper  regions  of  the  atmosphere,  whence  it 
^*^1^  to  the  ground  in  flakej. 

^^^^48.)  Wliat  is  Dew  ?  What  is  Wells*  theory  of  dew  ?  What  bodies  are  soonest 
^^^red  with  dew?  What  ones  have  little  dew  upon  them?  What  effect  hnti  the 
^*^W  of  the  atmosphere  on  dew?  Why  is  there  much  dew  on  clear  nights  ?  I.ittl** 
^  Qloady  nights?  What  is  the  dew  point?  Effect  of  a  gentle,  breeie  ?  What  is 
^^teFi«W?    (g49.)  What  is  Snow? 
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Snow  flakes  are  made  up  of  crystals^  arranged  in  starJi 
forms  with  three  or  six  brunches,  diflerently  arranged,  i 
al^rays  remarkable  for  their  regularity  and  beauty*  Win 
»no\v  falls,  the  temperature  of  the  air  is  near  32^  F.  If  ( 
luuijioniture  is  much  lower,  the  snow  is  less  abimdant,  I 
cause  the  amount  of  vapor  in  the  air  is  less. 

The  quantity  of  snow  that  falls  in  any  place  is  generally  I 
[  jrcaler  as  the  place  is  nearer  the  pole,  or  as  it  is  higher  abo^-c  \ 
level  of  the  ocean.  At  the  poles,  and  on  the  eummitt  of  tlj 
inountaitiB  in  all  latitudes,  snow  remains  through  the  entire  )« 
As  wo  approach  the  equator,  the  region  of  perpetual  snow  r« 
higher  and  higher  above  the  level  of  the  ocean.  In  the  Andes,  uuAl 
tho  cquaiorj  the  limit  of  perpetual  snow  is  hotween  15,(K)0  id 
j6|000  feet  above  the  level  of  the  ocean;  in  the  Alps  it  is  only 
*i0j500  feet  above  the  level  of  the  ocean;  towards  the  nortliBra 
extreinity  of  Norway  it  is  but  3.000  feet  above  the  ocean  level. 

Hall  is  eomposed  of  layex*s  of  compact  ice,  arranged  cod- 
centrieally  about  nuclei  of  snow.  Its  fonnation  is  undoubt- 
edly of  elet'trie^l  origin,  and  will  be  agmn  treated  of  uudef 

.  tbe  head  of  electricity.  j ^ 

Windfl.      C/ 

550*    Winds  are  currents  of  air,  raoring  with  grcatcf 
or  less  rapidity*    They  are  generally  named  from  the  quarH'^ 
whence  they  blow ;  thus  a  wind  that  blows  from  the  eai>t 
ig  called  an  east  Mnnd,  and  so  for  other  winds*    Winds 
somethnes  named  from  some  local  peculiarity.     Thus 
Lave  tratle  winds^  inonaoons^  siroccos^  and  the  like*     Tb^ 
prevaDiug  directions  of  the  wind  are  different  in  diffci 
countries,  for  reasons  that  will  be  exi:jlaincd  hereafter. 

Causes  of  Winda. 

251.     Winds  are  caused  by  variations  of  temperatur 
the  atmosphere ;    these  variations  produce  expansions 


I>e8crib«  ft  enow  flalc» 
CasaO  What  oro  Wlndd  f 


What  la%o  gC96r%«  th4  ,fiiU  ^tnmnf   Whit  b  lliflf  1 
U^w  Lamed  t     (251.)  Wliat  an  ihe  etofci  ni  iriaAl? 
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ions,  thus  disturbing  the  equilibriiiin  of  the  atmos- 

,  causing  currents.  These  eurrents  are  winds.  For 
pie,  if  the  air  is  more  heater!  over  one  country  than 
the  neighboring  countries,  it  ilihitcs  and  rmes,  its  place 
supplied  by  tlic  colder  air  which  flows  in  from  the 
untling  regions.  The  surplus  of  air  thus  brought  in 
over  at  the  top  of  the  ascending  column.  Hence 
is  a  current  near  the  earth  in  one  directioDj  whilst  at 
gher  elevation  there  is  a  current  flowing  in  a  contrary 
Ktion. 

Regular,  Periodic,  and  Variable  Wisda^ 

159*    Winds  are  divided  into  three  classes:  Regular 
tNDs,  Periodic  Winds,  and  Variaule  Wends. 

L  Seguiar  winds. — ^Regular  winds  are  those  which  blow 
tougboiit  the  year  in  the  same  direction.  They  occur  in 
I  neighborhood  of  the  equator,  extending  on  each  side 
pt  30  degrees.  From  their  advantage  to  oommei'ce  they 
I  called  trade  winds.  On  the  north  s^ide  of  the  equator 
y  blow  from  the  north-east,  on  the  south  side  they  blow 
the  south-east. 

le  trade  winds  arise  from  currents  of  air  flowing  from 
lar  regions  towards  the  equator ;  the  velocity  of  the 
^  about  its  axis  being  greater  as  we  approach  the 
Btor,  these  wmds,  tag  behind  as  it  were,  and  become  in- 
|fl  to  the  westward,  giving  north-east  winds  on  the  noith- 
^  and  south-east  ones  on  the  south  side  of  the  equator. 

Periodic  winds. — Periodic  winds  are  those  which  at 
liar  inteiwals   of  time  blow  from  opposite   directions, 
are  the  monsoons  that  prevail  in  the  ludian  ocean, 


t«.)  How  ftre  wl&ds  illvMetl?    Whiit  aro  regular  wind*?    Wbero  <Io  tboy 
f    Whut  »re  they  called?    Wliat  Is  thck  direction  on  the  north  aide  of  tho 

EJT    Oq  Ui«  •Qutii  »lde  ?    Expliklu  Uk9  causes  f>t  tho  trade  wlitd4 !    What  ftm 
windsT 
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blowing  one  half  of  the  year  from  nortb-«i8t  to  »uth-w 
and  the  other  half  in  the  opposite  direction.    Wbeo  ih 
18  on  the  north  of  the  equator,  the  southern  portion 
Asiatic  continent  is  warmer  than  the  southern  part  of  Africi, 
anil  the  winds  blow  from  60Uth-wej*t  to  north-east; 
the  sun  is  on  the  south  side  of  the  equator,  the  reversei 
the  case. 

^3.  Variabie  winds, — Variable  winds  are  those  which  bl(^ 
ipmetirnes  in  one  direction  and  sometimes  in  another,  ^^' 
DUt  any  apparent  law  of  change.  The  further  we  rec^ 
from  the  equate  ml  regions,  the  more  vaiiable  are  the  wsk 
in  their  character. 

I  The  SimooEi.— The  Sirocco. 

*I5!1.  The  SiMOOK  is  a  hot  wind  that  blows  fmm  the 
desertH  of  Africa*  It  is  felt  in  the  northern  and  north* 
eii^tern  jjarts  of  the  African  continent.  Dining  its  prtvHr 
lence  the  thermometer  often  rises  to  120°  F.  In  the  desi^r* 
thi.^i  wind  becomes  suffocating  from  its  heat  and  dryness. 
Traveller!;!  t^xposed  to  it  cover  their  faces  with  thick  cloths, 
and  their  eameLs  turn  their  backs  to  escape  its  injoriouli 

The  8[Booco  is  a  hot  wind  that  sometimes  is  felt  in  Italy. 
When  it  blows,  people  remain  in  their  houses,  taking  care  tfl 
ck*??e  every  door  and  window.  Some  suppose  this  to  ]ye 
continuation  of  the  simoon  from  the  African  desert,  othfii 
think  that  it  has  its  origin  in  Sicily. 

Velocity  of  Winds. 

tl.%1.    The   velocity  of  winds    is  very  variable. 
velocity  is  measured  by  instruments  called  miemomeU 

K^IiIiiIti  tht^  crniw  of  tha  monsoona.    WlidtAre  irarijilile  winds t    Wben  Are  til 
innnt  vnrliiblcf    <  253.)  Wliat  U  the   Sloioont     ExplaiiL    Wlut  |«  tlM 
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ooDsbt  of  a  species  of  windmill  attached  to  a  train  of 
ifV'ork,  by  means  of  which  the  mirriber  of  revolotioni 
nute  c;m  be  regi^^tered.  From  the  number  of  revolu. 
he  velocity  can  be  computed, 

velocity  of  the  gentlest  breezCj  or  zephyr^  is  not  more  than 
e  per  hour  j  a  moderate  wind  travcJs  at  the  rate  of  4i  lo  5 
er  hour,  a  brisk  wind  20  miles  per  hour,  a  tempest  40  to  50 
Br  houTj  and  a  hurricane  from  dQ  to  100  miles  per  hour. 


I 


X,  —  soir&cEs    or    heat    and    cold. 


SotiroeB  af  Seat. 


The  principal  sources  of  heat,  are :  the  sim^  eUc- 
t  chemical  combi nation  and  combustion^  pressure  and 
istOM,  and  friction, 

%e  sun. — ^The  sun  is  the  most  abundant  source  of 
We  are  ignorant  of  the  cause  oi  heat  in  the  6Uii*8 

t  been  computed  that  the  heat  received  from  the  Bun  by  the 
I  a  year  is  sufRciejit  to  melt  a  layer  of  ice  extending  over  the 
lobe,  and  100  feet  in  thickness.     Yet  on  accoant  of  the  great 

of  the  earth  from  the  suHj  and  its  comparatively  small  size, 
eceive  only  the  minutest  portion  of  the  heat  which  the  sun 

in  all  dtrections. 

Hectridty^ — The  subiect  of  heat  due  to  electricity  will 
ted  of  under  the  head  of  Electricity. 

Tiemical  combination  and  combustion.  —  Chemical 
ations  are  generally  accompanied  by  a  disengagement 
,     When  they  take  place  slowly,  the  heat  is  inappre- 

i  It.  WTutt  ar«  ihe  velwiti€9  of  mm«  of  thi  ndft^dgf  (5185)  Wb»t«r« 
pal  Bouroes  of  heat?  Wbat  U  the  most  AbnndAnt  eoDrce  ?  Wh<ft  in  Oi€ 
^hmt  recHtted  by  tAs  earth  from  fA«  lun^  in,  a  pear  t  fiplola  cbcmlctl 
in  «8  a  source  of  boat. 


I 


256  POPtnjLs  PHYSICS. 

ciable,  but  when  ihej  take  place  rapidly,  there  is  often  | 
produced  an  intetise  heat,  and  aometimea  a  developraoDl  of 
light, 

CoTTibustion  ii  one  form  of  chemical  combination.  The  forms  ot  I 
combustion  eihibtted  in  our  Hre-places  and  our  tamf)!!,  is  a  combinB^I 
tion  of  ihe  carbon  and  hydrogen  of  the  wood  and  oil  with  the  Dxyg«?f 
of  the  air.  The  products  of  such  forms  of  combustion  are  vratcr] 
vajjor,  carbonic  acid,  with  gases  and  volatile  products  that  appeal 
under  the  form  of  smoke,  CombusUon  is  a  decomposition  of  certftil 
fiubBtanceS;  ac*3ompanied  by  a  composition  of  new  products.  Tn  Ihii 
cbangCj  no  element  is  loatj  simply  a  change  of  form  takes  place. 

The  flame  produced  in  comhusLion,  is  a  mixture  of  gaseoUH 
volatile  matte rs,  heated  red  hot  by  the  heat  digengaged  in  the  pro 
of  combustion. 

The  process  of  respiration  is  a  species  of  slow  combustion,  in  whi^b 
the  carbon  and  other  matter  of  the  blood  unites  with  the  oxygen  of 
the  air.  This  species  of  combustion  gives  rise  to  the  heat  of  tlie 
body  of  men  and  animals,     Thi^s  heat  is  called  animal  heat. 

Fermentation  is  a  chemical  proce<;s  that  gives  rise  to  heat. 

4.  Pressure  and  ^?ern*««iow.— Whenever  a  body  is  com- 
pres&ed  so  as  to  reduce  its  volume,  heat  is  developed.    The 

greater  the  compression,  the  greater  the  amount  of  heat 
developed.     If  gas  be  suddenly  and  violently  compressed, 
the  heat  generated  is  sufficient  to  set  fire  to  inflammable 
bodies.     This  subject  was  referred  to  in  the  article  on  Coi 
pressilulity^  in  which  the  instrument   used  for  iuflami 
tinder  is  figured.     (Sec  Fig,  4.) 

Percussion  is  a  source  of  heat.     If  a  body,  like  a  piece 
metal,  for  example,  be  hammered,  it  soon  becomes  hot.     It 
is  percussion  that  canses  the  heat  when  a  flint  is  strnck 
against  a  piece  of  steel.    In  this  case  there  is  a  piece  of  th^_ 
steel  detached  and  rendered  red  hot  by  the  collision.  ^| 

Jk^j^ttin  ih4  phenomena  qfcombvMitm.     What  UJI^m^  f    What  U  rMgdmUon  I 
What  kind  o/Aeat  cotnss  from  respiration  f     What  U  fffrndftUcUion  t 
ctimpresfltoD  &a  a  BDarce  of  lieat.     IltaBtr&t«.     Explain  porcuoftloii  m  b 
beat. 
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5.  FHctio7i* — Friction  i«  the  resistance  which  one  bodj^l 
'^ffera  to  another  when  they  are  rubbed   together     This 
Resistance  is  accompanied  with  a  great  development  of  hent. 
Xu  many  cases,  the  friction  is  eo  great  that  the  riiljl>ing 
Vjodies  are  set  on  fire.     In  %h\n  way  many  savage  tribes  pro- 
cure fire.     Pieces  of  ice  when  rubbed  together,  generate 
\nt  enough  to  melt  them.     In  machinery,  the  friction  on 
axles  often  sets  them  on  fire,  especially  when  lubrication  hai 
l>eeo  neglected.  ^^ 

Sources  of  Cold.  ^^ 

SktIO*  The  principal  sotirces  of  cold  are  :  fusion^  vaporiz- 
ation^ expansion  of  gases,  and  radiation  of  heat, 

1.  Mislon. — When  a  body  melts,  it  absorbs  heat  from 
the  surrounding  bodies,  which  becomes  latent  in  the  melted 
body. 

2.  Vaporization. — When  a  liquid  passes  to  a  state  of 
vapor,  it  absorbs  heat,  which  becomes  latent  in  the  vapor. 
Both  of  these  causes  of  cold  have  been  considered  already, 

3.  J^xpansion  of  gases. — ^When  a  gas  is  compressed,  it 
gives  out  heat,  and  conversely,  when  it  expands  it  abs^orbs 
heat.    This  heat,  it  i^,  that  acta  to  keep  the  particles  asunder, 
and  the  further  apart  the  particles  are  kept,  the  greater  tha  ^ 
amount  of  heat  required.  ^ 
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Heat  18  the  repulsive  force  that  keeps  a  body  in  a  gaseous  state  at 
all,  or  even  in  a  liquid  state. 

If  air  be  compressed  in  a  condenser  and  then  alloweil  to  eaeape 
into  the  atmosphere,  a  slight  cloud  vvill  be  formed  ;  this  is  due  to  the 
cold  generated  by  the  expanding  air,  which  condenses  the  vapor  in  the 
air.  This  experiment  illustrates  the  manner  in  which  clouds  are 
formed  in  the  upper  regions  of  the  atmosphere. 


Explain  frlriton  as  &  aotiiT?  nf  hf^nt    {  356.>  What  are  tb^i  prlnelpftl  loiirQafi  of 
sold?    Explain  fbnioo  as  a  soarce  of  cold  If    TaporlzatlorL    £xp&Qaioii  of 
piain  the  /orfnaUon  qf  a  cloud  whin  compresaed  air  taopandt. 
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4.  Radiation^ — ^Badiation  produces  cold  in  the  i 
body,  becaufle  radiation  is  simply  giving  offbeat 

The  earth,  and  all  bodies  on  ite  ftnrface,  are  continually  raditj 
beat.     This  is  compenftated  daring  the  day  by  the  beat  recei^ 
from  the  f^un :    in  fact,  the  amount  reoeiTed  ia  greater  thim  I 
given  off.     But  at  night  the  reverse  holds  true,  and  a  greater  am 
ifi  radiated  than  is  received.     This  cooling  of  the  earth's  eurlacel 
as  baa  been  stated,  the  cause  of  dew  and  froat. 

It  is  often  i^aid  that  it  freezes  harder  when  the  moon  shines  1 
when  it  is  concealed  by  clouds.  This  is  the  case,  but  the  moon  I 
nothing  to  do  with  the  freezing.  The  true  explanation  of  the  ] 
iiomenon  is  tltis :  When  the  moon  shines,  it  is  generally  clon<i]i 
and  the  radiation  goca  on  more  rapidly,  and  of  oouree  a  greater  deert 
of  cold  is  produced.  On  the  contrary,  when  the  tnoon  is  obseuredi' 
is  generally  cloudy  j  now  the  clouds  are  good  radiators  of  heat^  ^^ 
the  heat  that  they  send  back  to  ihe  earth, is  nearly  or  quite  enoog^ 
to  compensate  for  that  radiated  from  the  earth  :  hence  the  proce^* 
of  freezing  is  either  retarded  or  entirely  prcventpd 

Plants  are  good  radiators,  henoe  they  are  more  likely  to  be  aflecte<i 
by  frost  than  other  object*.  To  protect  them  from  frost,  we  cover 
ihem  with  mats,  which  prevent  radiation,  or  rather  radiate  back  tb* 
heat  that  the  plants  throw  off. 


Ei^Htls  rtdlitloa  u  s  oanse  of  coM-    lUttvtraU.    Whnt  t^ffliet  Am  «h«  p*^***     ' 
frtmin^f  f    Why  ia  U  colder  when  the  mo€m  aMne*  than  when  chtudf  t    WMt^ 
ptanUHMytQbfittfM^bsf/hfStr    Mow  are  th&jf  proteded  f 


CHAPTER  VI 


OPTICS. 


t.^QlII£RAL       PRINCIPLES 


Defittition  of  Opttcs, 

^$1    Optics  la  that  branch  of  Physics  which  treats  of 
^^  pheuomeDa  of  light. 

Definition  of  Mght 

Hn,    Light  is  that  physical  agent  which,  acting  upon 
■^  eye,  produces  the  sensation  of  sight. 

I  Two  Thsoriea  of  Xif hi. 

Sfc50.  Two  theories  have  been  advanced  to  account  for 
e  phenomena  of  light:  the  Emission  Themy,  and  the 
^ulatort/,  or  Wave  ifwaty. 

-According  to  the  emission  theory,  light  consists  of  in- 
itely  small  particles  of  matter,  shot  forth  from  luminous 
tiies  with  immense  velocity,  which,  falling  on  the  retina 
the  eye,  produce  the  sensation  of  sight 

According  tu  the  midulatorij  ihmry^  light,  like  heat,  is 
aed  by  the  vibrations  of  the  molecules  of  bodies*     lb 
transmitted  by  a  highly  elastic  medium  called  uther, 
-• -  -   —      . , . 

tS&7,)  What  is  Optlc»  r    (S|o8.>  WUat  la  Light  t    (2^90  Wlut  two  meorlt-a 
r  li^t  liftve  beea  tdvanced  r    Explain  the  emkelon  Uieory,    Bx|iJA!n  tha  wave 
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This  medium,  which  also  transmits  radiant  heat,  eii 
through  space,  penetrates  all  bodies,  and  exists  in  tiie  m^^^ 
vals  between  their  molecules.  The  molecular  libratiom 
of  a  luminous  body  are  imparted  to  the  neighboring  ether, 
and  are  projiagated  through  it  by  a  succession  of  sphericil 
waves ;  these  waves  falling  on  the  retina  of  the  eye  excite 
the  sensation  of  sight 

Light  ami  radiant  Leat  are  very  clo&ely  related  to  cnch  other;  tl^T 
are  generated  in  the  same  manner  and  are  propaiijnted  lhr<tugh^ 
same  oiedium,  but  Hiey  differ  t'nnn  cticJi  other  in  llieir  wave  lem^ 
and  08  a  cmiM'quence  in  Oieir  mode  of  action  on  bodies. 

In  &ound  ibe  particles  of  air  vibrate  to  and  fro  in  the  direction  of 
propngation ;  in  light  and  rndtaut  lieat  the  particles  of  ether  vibniW 
to  and  fro  in  a  dhection  perpendicular  to  that  of  propagation,  la 
sound  the  vibrations  are  hngUudiiud^  or  m  the  direction  t>f  the  rays; 
in  light  and  xadiant  heat  they  are  iranwerml^  or  perpendicular  to 
tlie  rays. 

The  klea  of  transversal  vibratioT^s  may  be  illnatrated  by  w  rope 
made  fast  at  one  end  and  held  by  the  hand  at  the  other.  If  \hztm 
end  be  moved  rapidly  to  and  fro,  at  right  angles  to  the  rf>pe  a  aucces- 
sioji  of  waves  will  run  idong  ibo  rope,  whilst  the  particles  of  the  rope 
mmply  vibrate  back  and  im\h  in  pcq>endicuhirs  to  the  rope,  l^^ 
Btone  he  dropped  into  a  pool  of  stiiJ  waler,  a  series  of  waves  will  be 
propagated  ontward,  whilst  the  particles  of  water  simply  rise  ttfl^ 
fall,  their  motion  being  perpendicular  to  the  direction  of  prY>pflgatkiD' 


XjutMnomi  Bodies^— 6oturce&  of  liight. 


360,  Bodies  that  emit  light  are  said  to  be  lumwouir 
those  that  are  seen  by  light  derived  from  others  are  said  to 
be  iUu  m  in  a  ted.     Lu  m  i  n  ou  s  bod  i  es  gen  er  ate  1  Tgli  t ;  ill  uin  !• 
nated  bodies  reflect  and  diffuse  it.     The  sun  is  a  luminous— 
body ;  the  moon  is  illuminated  by  it  H 

The  principal  sources  of  ligbt  are  ihe  mtn,  the  stars,  ke^t 
chemical  comhinaiion^  phosphorescence^  and  ehciricity*       ^ 

How  ip  li^tii  impRrtpfl  to  thf?  eth^r?    TTflw  pmpiipated  ?    Rdation  betteetnU^^^ 
Define  a  ImuliioiiB  botly.    An  Ulmimlnated  body,    illustrate. 
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fbe  ultimate  cause  of  the  Bim's  ]io:lit  is  unknown.  Tlie  Bun  l& 
tounded  by  a  j?aseous  envel<jpe,  lied  Oie  phot&spkerB^  which  ap- 
Kis  to  be  in  a  state  of  mtense  i-^DititiD.  The  molecular  Tibratious 
[this  eovelope  are  undoubtedly^  u*o  iinniediaie  sources  of  s<i]jir  light 
^d  Bolar  heat  The  stalls  are  similar  lo  the  sun,  but  on  accouol  ot* 
iiir  tnormona  dislances  from  ug  they  aend  us  but  a  small  amouut 
light  iiDd  beat. 

If  a  body  be  healed  its  molecules  are  thrown  into  Tibrarion,  and 
^en  its  icmperalure  i-eaches  900'  or  lOOO^  F.,  it  begins  to  be  hiiiu- 
Wii  in  the  dark.  Beyond  thut  its  brightness  increases  as  ila  teuiper- 
^rises. 

iThe  light  developed  by  chemical  combinalions  is  mostly  due  to 
^fi  beat  tlmt  accompanies  t..cm.    Combustion  is  an  example ;  the 

pnity  between  the  oxygen  ot  tlie  air  and  the  carbon  of  llie  fuel 

pifies  Uieni  to  rush  together  under  favorable  circumstaucer..  thus 

pemthig  heat  and  ultimatal-  light  itselt 

\  I'liosphurescence  ts  the  properly  tlmt  some  bodies  have  of  giving 

jwl  light  under  certam  conditions ;  it  is  of^en  observed  in  decaying 

ptewd  and  vegetable  matter  au  J  in  some  minerals* 

'Electricity  is  the  source  of  a  species  of  Mght  that  rivals  in  intensity 
of  Lite  sun  ltBel£    It  will  t>e  treated  of  hereafter. 


Media, — Opaque  and  Traiuparent  Bodies. 

^i61,  A  Medium  ig  anything  that  transmits  light;  thna^ 

te  space,  air,  water^  and  glass^  are  media^ 

Kedia  owe  their  property  of  transmitting  light  to  the  ether  which 
^ades  them.  This  ether  exists  in  the  spacers  between  the  par- 
ies of  all  bodies,  but  not  always  in  such  a  state  as  to  permit  the 
l&s mission  of  light 

A  Trakspabent  Body  is  one  that  permits  light  to 
18  through  it  freely,  as  ghiss,  diamonds,  rock-crystal, 
A  water. 

When  bodies  pennit  light  to  pass  through  them,  hut  not 
knch  quantity  aa  to  allow  objects  to  be  seen  through  them, 
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It  to  Phoiiphoresceiice?    ninftrate.    WhaiMiUoanmt    (S61.>  Whfltiea 
f    Examples,    Wh&t  U  9  TraruipAreiit  Body  t 
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they  are  called  translucent,    Tims,  scraped  horn, 
glass,  oiled  paper,  and  thin  poroclaiti  are  translacimt. 

An  Opaquk  Body  is  one  that  doe^  not  permit  lig 
pass  through  it.  Thus,  iron,  %'oud,  and  granite  are  oj 
bodies, 

Abaorption  of  Light 

<ie9.    Ko  body  is  ]>erlcctly  transparent;  all  intero 
absorb  more  or  less  light,  but  some  absorb  mnch  more! 
others.    If  light  be  transmitted  through  great  thicknesses rf] 
media  which  in  thin  layers  are  transparent,  a  quantity  Sf  ] 
light  is  absorbed,  and  it  otlen  happens  that  the  transmitted 
light  is  not  of  sufficient  intensity  to  produce  the  aeiwatiofl  ] 
of  sight. 

The  atmosphere  seems  petfectly  tranBpareQU  but  U  is  a  kno^l 
fact  that  much  of  the  light  of  the  sun  is  absorbed  iti  reaching  lii^ I 
earth,  as  m  shown  by  the  greater  brilliancy  of  the  stars  in  the  Iti^l 
regions,  as  on  mountaiji  topsi.  la  the  high  regions  of  the  atm(»p)ienf  J 
object«  are  more  clearly  seen  than  nearer  the  earth ;  indeed  so  greatl 
is  the  clearneFS  of  vision  in  these  regions,  that  it  becomes  exceed inf If  ^ 
difficult  to  judge  of  distances.  Opaque  bodies  absorb  all  of  the  ligli^ 
falling  upon  them  which  ia  not  reflected. 


The  physical  cause  of  absorption  of  light  by  bodies  is 
peculiarity  of  molecular  constitution,  which  breaks  up  and 
neutralizes  the  waves  of  light  that  enter  them. 

Rajs  of  Light.— Pencils. -Beanut,  ^^H 

3^3*  A  Ray  of  Light  is  a  line  along  which  light  is 
propagated.  It  ia  normal  to  the  advancing  wave  fwJi^ 
When  the  source  is  very  distant  the  wave  fronts  are  eenai- 
bly  plane  and  the  rays  parallel. 

When  the  ether  is  uniformly  distributed  throughout  a  media "^j 


A  Trtnalueetit  Emty  T  An  Opaque  Boilyf  {%%%.)  Expliiln  the  phenoroeaoli 
•biioi-ptioii.  EffAct  qf  atm.o»ph€ric  abwrpHon  f  rbyilcal  ckum  of  AtMOipU* 
(ftea  )  Wliflt  li  a  fuj  of  light? 
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avcs  of  light  are  concentric  RphereSj  and  the  rayii  of  light  are 

bt  lines,  because  a  perpeudiouiar  to  one  wave  front  will  be 

dicular  to  all  of  the  guceessive  stages  of  ihat  front.     Media,  in 

I  tlie  ether  is  miiformly  distributefL  are,  wiih  respect  to  light, 

I  homogeneous.     All  other  media  are  called  heterogeneous. 

hen  the  waves  of  light  are  not  coneentrio  BphereSj  the  raya  of 

U  are  curved.     Such,  for  example,  are  the  rays  of  light  trauB* 

[  through  the  atmosphere. 

,  Pencil  of  Rays  is  a  small  group  of  rays  meeting  in 
Qou  poiot,  sach  as  the  rays  proceeding  ii-om  a  candle 
pamp. 
ben  the  rays  proceed  from  a  common  point,  they  are 
id  to  be  divergent.    When  they  proceed  towards  a 
aon  point,  they  are  said  to  he  converf/ent. 
A  Beam  of  Rats  is  a  small  group  of  parallel  rays,  ^uch 
Dter  a  smaU  hole  in  a  shutter,  from  a  distant  body,  as 


y«locity  of  Xiight. 

It  was  shown  by  Rcemek,  a   Danish   astronomer, 

|78,  that  light  occupies  nearly  S\  minutes  in  coming 
[  the  Sim  to  the  earth,  which  gives  a  velocity  of  186,000 
per  second. 

le  ascertained  the  velocity  of  liglit  by  a  snccession  of 
rvations  on  the  eclipses  of  Jupiter's  first  satellite.  In 
f  155,  iS  represents  the  sun,  T^  the  earth,  J,  Jopiter,  and 
^apiter's  first  satellite.  The  darkened  portion  of  the 
beyond  Jupiter  represents  the  shadow  of  that  planet 
thy  the  sun.  It  is  known  by  computation,  that  Jupiter's 
satellite  revolves  about  that  planet  once  in  42  houi-s, 
ftinutcs,  and  36  seconds,  and  by  entering  the  shadow  of 
piter,  is  eclipsed  at  each  revolution. 


ti$th4  dirsdion  qfa  ray  in  a  Ju>moff0tuous  medium  f    What  U  a  homogs' 

IfMdium  T    A  heUrogeneQUS  medium  f    Direction  of  a  ray  in  awcA  a  itudi- 

yWbmt  la  »  Pencil  of  Raya?    tlxftinple.    Convergent?    BtvflTg^nt?    Wtiat  ts 

I  of  B«y»T    Exjunple.    (264.)  Wliat  la  the  vdodty  of  llgbtf    By  wbom 

aii«dT 
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RcEiiEa  found  that  as  the  earth  moved  from  T,  its  i 
position  to  Jupiter,  towards  «,  its  most  remote 
the  interval  between  the  consecutive  eclipses  of  the 
lite  gnidually  grew  longer,  whilst  in  moving  from  t  \ 
again  to  T,  these  intervals  grew  shorter.     The  total  i 
tion  in  passing  from   T  to  /,  was  found  to  be  nearij 
minutes,  and  the  total  acceleration  in  the  remaining 
tht^  earth's  revolution  wa.s  also  found  to  be  16J 
This  was  accounted  for  by  the  li^ct  that  the  earth  was 
ing  a%vay  from  Jupiter  in  the  first  case,  and  therefore  tlM 


Fl«.  1K> 


light  had  to  trayel  further  anfi  further  at  each  eclipse  t^ 
reach  the  observer,  i\^hilst  in  the  second  case,  the  reverse 
happened, 

RfEMKR  therefore  inferred  that  it  required  IQ^  minutes  ft 
a  ray  of  light  to  traverse  the  diameter  of  the  earth's  orliit, 
or  B|  minutes  for  it  to  paaa  over  the  radius  of  that  orbil 
that  is,  over  a  distance  equal  to  that  of  the  earth  fi^om  tl 
sun, 

LUcEMEu's  deduction  has  been  confirmed  by  obseivatiort 
made  on  the  aberration  of  light,  and  also  by  direct  exp<*** 
ment. 
; 


Bzpljitu  tlie  proMtB  of  RoiirRR^a  discovery, 
firmed  ? 


nti  dedQ«licn.    Hw  tl 
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18  difficult  to  conceive  a  velocity  so  great  as  ll^O,OnO  miles  p«r 
ni.  a  speed  that  would  carry  a  ray  of  light  around  the  earth 
It  times  in  a  single  second  of  time.  Some  idea,  howevcrj  may  be 
of  the  velocity  of  light^  from  the  fact  that  it  would  require  more 
Ui  two  and  a  half  centuries  for  one  of  our  most  rapid  express 
of  cars  to  run  a  distance  over  which  light  paaaes  in  8i  minutea* 
ft  takes  light  more  than  four  hours  to  reach  us  from  Neptune,  tho 
i  distant  of  the  planets  of  our  system,  and  it  is  capable  of  proof 
lig^lit  occupies  more  than  three  years  in  coming  to  us  from  the 
rest  of  the  fixed  stars.  Now,  if  astronomers  are  right  in  the 
isnce  that  the  remotest  stars  visible  in  our  teleficopcs  are  more 
a  thousand  times  as  distant  as  the  nearest  ones,  then  indeed 
It  the  light  that  makes  us  aware  of  their  exifc;tence,  have  set  out 
s  journey  long  centuries  before  the  beginning  of  the  Christian 
These  conclusions  serve  to  show  the  vaf^tnuss  of  the  material 
I,  and  the  comparative  Littleness  of  our  own  planet. 


Znt^aflity  of  Iai|fht.  —  Fhotometry, 

^.     The  I^iTENSTTY  OF  LiGHT  18  thc  amount  of  disturb-" 
that    it   imparts  to   the   ether.      It  can  be   shown 
phematically,  tor  light  eoming  from  the   same  ^^ources, 
&t  the  intensity  varies  inversely  as  the  square  of  the  tit's- 
tnce  from  its  source, 

fflerioe  ^ve  see  thiU  light  follows  thc  same  law,  with  regard 
ftjts  intensity,  that  m  observed  for  gravity  and  sound.  The 
Ir  of  variation  of  intensity  can  be  verified,  experimentally, 
\  means  of  an  iiiBtrument  called  a  photometer. 
Ia  Photometer  is  an  instrnment  for  comparing  the  inten- 
ttiea  of  different  lights, 
ieveral  different  instruments  have  been  clevised  tor  this 
ose,  one  of  the  simplest  being  that  sliown  in  Fig.  156, 
consists  of  a  vertical  screen  of  ground  glass,  A,  and  a 
rtical  solid  rod,  B^  situated  a  short  distance  in  front  of  it. 


tfiM  9ome  iUwftration^  qf  the  immense  neiacUy  of  light,  ( 285  )  TThct  la  the 
ttteatitf  of  H#t?  How  does  it  vary  witb  the  dlitancef  What  la  a  Pbotomeler  f 
iUhln  the  one  abowa  In  Fig.  156. 


^r>6 
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If  two  equal  llglits  nre  plfictfd  nt  equal  distanccBfrom  C/m 
is  found  that  the  shadows  which  S  casts  upon  J,  areoitl*! 
fiaino  tint.     If  one  light  be  i>laced  at  any  dktance,  and  f^ 


Fig.  IIMI 


equal  lights  be  placed  at  twice  the  diatance^  the  shadows 
will  be  of  the  same  tint ;  this  ia  the  case  showTi  in  the  figui 
It  will  require  nine  eqtial  liiijhts  at  three  times  the  dislancw! 
sixteen  nt  four  times  tlie  distance,  and  sn  on,  to  pi-oducethe 
same  eifect.  This  experiment  confimis  the  hiw  of  vamtian 
of  intensity  according  to  the  inverse  squnre  of  the  iKs* 
tance. 

I  To  use  the  photometer  to  compare  the  intensities  of  anf 
two  lights,  let  them  be  placed,  by  trial,  at  such  distances 
from  i?,  that  the  shadows  cast  on  A  are  of  exactly  the  f«ni^ 
tiut;  then  will  their  intensities  be  to  each  other  iiiversel] 
the  squares  of  their  disjdances  from  the  rod,  B, 


Hvw  ts  the  plMitometer  iisedf 
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II.  —  REFLECTION  OF  LIGHT.  —  MIRR0E8. 

Reflection  of  Light. 

M6*     When  light  passes  obliquely  from  one  medium  to 
another,  it  is  separated  into  -two  parts,  one  of  which  is  J 
driven  hack  and  remains  in  the  first  nieditiin,  whilst  the 
other  passes  on  and  enters  the  second  medium.     The  part 
tbtit  is  driven  hack  is  said  to  be  reftecUd^  and  the  deviating | 
6iirlace  is  called  a  rejhctor 

Mecilon  of  light  Is  explainfid  in  Uil^  same  way  j^s  reflection  of 
^JuniL  In  case  of  light  tlie  wave  lengths  are  so  small  that  the  most 
ijigMy  polUhed  surfaces  are  compajatively  rough.  Hence,  only  a 
part  of  the  reflected  light  appears  to  follow  tlie  regular  laws  j  th«  I 
lis  irregularly  reflected  or  diffused.  The  amount  of  light  reflected,  I 
ircU  as  the  relation  between  that  which  is  regularly  and  Uiat 
bh  is  irreprularly  reflected,  depends  on  the  ohliquity  of  incidence, 
ftture  of  the  second  medium,  and  the  pohsh  of  the  deviatiDg 

Li^ht  that  is  hregularly  reflected  enablea  us  to  see  ohjects ;  thus,  | 
Ibe  light  falling  on  a  sheet  of  paper  is  scattered  or  difl'used  so  as  ta 
fender  it  visible  in  all  directions.   If  a  reflector  were  perfectly  smooth.  ] 
it  would  be  invisible;  we  should  simply  see  in  it  the  images  of  other  i 
objtcts. 

It  is  the  diflused  light  reflected  by  the  clouds,  the  air,  the  earth, 
tnd  objects  upon  it,  that  illuminates  our  rooms  and  renders  objecta 
visible  which  do  not  receive  tlie  direct  rays  of  the  sun* 

It  we  look  out  from  our  houses  we  see  objects  cleai'ly  by  means  of 
^is  diffuse  light,  because  they  receive  much  light,  and  therefore 
reflect  much;  but  if  we  look  from  without  into  a  house,  we  see 
*»4ect8  with  less  distinctuess,  because  they  receive  but  little  light, 
*«id  ihereforc  they  reflect  but  little. 

It  Is  now  proposed  to  explain  the  laws  of  regular  reflection. 


(•«»•)  Wluit  ia  ftjilecUoii  of  light  ^    Wliat  is  a  reflector  ?    How  is  r^edion  qf 
Jw  nplairwif    Whai  U  difuted  ti^ht  f   Bow  ore  tM  a&^  to  sh  nm4umimu§ 
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X>efiiiltloii9   of  Tenns. 

Sjef.    The  raj  that  fklls  upon  a  reflecting  surface  is 
(Jic  incliimt  ray  ;  thus,  C-Z>,  Fig.  157,  is  an  iucideot  niy.: 


Fig.  IM. 


Tlie  point  whero  the  incideut  ray  meets  the  refleding 
fiui  face,  is  called  the  point  of  incidence  /  thus^  /?  is  a  point 
of  incidence. 

Tlie  angle  that  the  incident  ray  ni«ike8  with  the  norinll 
if>  tlie  reflecting  surface  at  tlie  point  of  incidence,  \a  calM 
/A«  any/le  of  incidence ;  thus,  CJ>A  is  an  angle  of  '" 
ddence. 


( »«T.)  What  in  an  Incident  my  »    fimaiile.    The  point  of  Itteldeiied f 
Tlie  Anglo  of  Incidence  ?    £acampl«. 
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^e  plane    that   passes  throogh  tbe  incident  ray  and  the 
■A  is   called   the  plane  of  incidence ;  thus,  th«   iduiio 
Rgh  CD  and  IJA^  is  a  plane  of  incidence. 
Che  ray  driven  ofi*  from  the  reflecting  surface  is  called 
lected  ray  ;  thus,  DB  is  a  reflected  ray, 
I  angle    that    the  reflected  ray  makes  with  the  normal 
the  angle  of  reflection  ;  thus,  BBA  is  an  ar^gle  of 
aon. 
plane  of  the  refletJtcd  ray  and  the  normal  is  called 
%ne  of  reflection  ;  thus,  the  plane  oi*  BB  and  BA  is  a 
reiiection. 

Ijawi  of  Reflection. 

|B«     The  following  laws  are  shown  by  theory,  and  run- 
by  expennient : 

Phe  planes  of  incidence  and  reflection  coincide  ;  both 
ormal  to  the  reflecting  surface  at  the  point  of  incidence, 

rhe  angles  of  incidence  and  reflection  are  eqnal ;  this 
whatever  may  be  the  angle  of  incidence. 

I>lrectioa  in  which  ol^ecta  are  aeoi. 

Whenever  the  rays  of  light  proceed  directly  from 
bject  to  the  eye,  we  see  the  body  exactly  where  it  i^. 

hen  by  reflection,  or  any  other  cause,  the  rays  are  bent 
om  their  primitive  direction,  we  no  longer  see  bodies  in 
xm  proper  position,  Thuy  appear  to  be  in  the  direction 
•om  which  the  ray  enters  tfie  eye. 

This  is  illustrated  in  Fig.  158.  A^  represents  a  body 
roiB  which  a  ray  of  light,  proceeding  in  the  direction  AB^ 
*  deviated  or  bent  at  B^  so  as  to  assume  the  new  direction, 
5<7.     The  eye  receives  the  ray  fi*om  the  direction  BC^ 


tpUno  of  inddenw^f    Example.    The  reflected  rnv  T    Example,    TJip  nnffTp  *>r 
imf    Exnmple.     The  plane  of  reRectton  ?    Exnmple.     (  268,)  What  is  tbe 
Hnr  of  i^acctltm?    What  Is  the  Rf^ecind  law  of  roGectlon?     (268.)   In  what 
''w«tlo«  do  objeeta  appear  to  the  eyef    Illastrale. 
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and  iu  consequence  the  object,  A^  appears  to  be  Bittiate4™P* '^ 


~— «^ 


FJe^isa 


eonie  point,  a.    Tbis  piinciple  is  of  importance  in  exploiiji"! 
certain  phenomena  produced  by  reflectors  and  lenses, 

BAizTon. 

370*     A  Mirror  is  a  body  with  a  polished  surface,  em- 
[ployed  to  form  images  of  objects. 

The  best  reflecting  surfaces  ai*e  those  of  polished  roetaK 
I  Our  ordiniiry  looking-glasses   are   composed   of  plates  of 
BTnaoth  glass,  upon  the  back  of  wliich  is  fastened  a  thin  layer 
I  of  tm  and  quicksilver. 

Tills  niixture,  called  an  amalgam,  oficrs  an  excellent  re- 

^  fleeting  surface,  and  it  is  from  it  that  the  principal  reflection 

takes  place.    The  gla^s  serves  to  give  the  proi>er  sinood 

iiess  to  the  amalgam,  as  well  as  to  protect  it  from  injuij 

land  tarnish.     Tlierc  is,  however,  a  reflection  from  the  ovi 

surface  of  the  glas^s,  giving  rise  to  feeble  images,  wlueli 

render    such  reflectors  objectionable  for  optical  pur[w?e-' 

Hence  it  is,  that  reflectors  for  telescopes,  and  the  hke,  are 

generally  made  of  alloys,  or  mixtures  of  hard  metals,  wlmii 

admit  of  a  high  p4>lish.     Such  a  mirror  is  called  a  specidufi^ 

Mirrors  are  of  two  kinds, />/o«€  and  eitrved, 

plane  Mizrors. 

stTi,    A  Plane  Mibeob  is  one  in  which  the  reflecting 
surface  is  plane.  - 


M 


{  210a  What  U  A  Mirror?     Wh%i  «ro  the  best  r«fle«Uiif  mitfmeml    Wlitt  «• 
Iwklng^glBMeeit     Expktn  tbelr  eonstmction  f    WHut  Is  n  tpotnlQtnf 
Wadi  of  mliTOTi  are  th ere  ?    Wtiit  are  ibaj  ?    ^  »1 1 0  Wiud  U  %  PIaiw  Mlnwt 
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•liave  an  example  of  plane  mirror*  in  the  ordinary 
f-glasses  of  our  houses.  The  surface  of  still  water* 
reflects  Burrouiidiag  objects,  and  the  siidiice  of  quick- 
iwhen  at  rest,  are  additional  examples  The  latter  m 
sed  with  the  sextant  in  mcasurbig  tbe  altitudes  of 
rs;  it  is  also  used  in   adjusting  astrononiical  instru 

Inu^gea  formed  by  Plane  Reflectors* 

I    An  Image  of  an  object  is  a  picture  or  representa- 
that  object,  formed  by  a  reflector,  or  by  a  lena. 


I  manner  of  forming  images   by  plane   reflectors  is 
ited  in  Fig.  159.     A  pencil  of  i-aya  coming  from  a 


^miAM.    (272  )  What  b  ah  Imogo  of  oo  o^oct?    EjtpUuD  Ibe  maaiicr  gf 
lihe  Image  of  a  poiiit. 


sn 
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point,  its  reflected  so  as  to  reach  the  ejo.  Because  iU 
angles  of  incidence  and  rejection  are  equal  (Art  i'68),  &A 
ray  will,  have  the  same  inclination  to  the  mirror  aft^frreflfl^ 
tion  that  it  had  before  incidence.  Hence  the  reflected  nipj 
on  being  produced  back,  will  meet  at  a  point  as  Lul  behujd 
the  reflect*ir  as  the  point  of  the  object  is  in  front  of  it 
Now,  becjiuse  the  eye  sees  objects  in  the  direction  froffl 
which  the  rays  reach  it  (Art.  209)^  the  point  appears  to  l>e 
as  far  behind  the  mirror  as  it  really  is  in  front  of  it  SM 
representation  of  the  point  thus  formed,  is  its  image.  Wm 
^Vliai  has  been  said  of  a  single  point  is  true  of  all  poioS 
Hencej  if  we  suppose  pencils  of  rays  to  proceed  from  tvtrj 
point  of  an  object,  ns  ehown  in  Fig.  160,  each  point  irill 


--•J 


Ftir.  100. 


Explain  tha  mAnoor  of  fbrmtjig  tbtt  [mig«  of  an  ot^eot 
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its  own  image  as  far  behind  tlio  mirror  as  the  point  is 
h>nt  of  it  The  assemblur^e  of  images  thua  formed 
jRB  op  the  image  of  the  object 

Nature  of  the  Images  fonne<3- 

rs.    It  will  be  seen  from  an  inspecLion  of  Fig,  160,  thai 
image  of  the  child  a  right  hand  is  on  the  left  of  the 
ge  in  the  glass,  and  that  the  image  of  the  child's  left 
(18  on  the  right  of  the  image  in  the  glass,  that  is,  the 
ge  is  reversed  laterally.    This  comes  from  the  fact,  that  ^ 
image  of  each  point  is  as  far  behind  the  mirror  as  the  • 
it  is  in  front.     Hence  we  say,  that  an  object  and  its 
ge  are  symrneiricaUy  situated  with  ref^pect  to  the  mirror* 
Fe  see  also  from  what  has  been  said,  that  ike  image  is 
U  ^nd  equal  in  size  with  the  object. 
'he  rays  tliat  reach  the  eye  appear  to  come  from  an 
ge  which  does  not  in  reality  exist     The  image  is  only  ^ 
rent.    Such  images  are  called  virtuaL 
Virtual  Image  is  an  image  that  appears  to  exist, 
which  wonld  be  found  by  prodncing   the  deviated 
tciJs  of  rays  backward,  till  they  meet  in  poinU* 

Multiple  Images  from   Looking-glassea. 

74 •  Metalho  mirrors,  or  ypacuh,  as  they  are  called,  having  but 
reflecting  surface,  form  but  a  single  image.  Glass  mirrors  have 
reflecting  sur faces,  the  front  surface  of  the  glass,  and  the  mo 
ilTic  surface  at  the  back  of  tlie  glass.  An  imago  is  formed  by  each 
r  these  surfacea^  but  that  formed  by  the  latter  is  the  more  fstrikingj 
Luse  the  first  surface  re  fled  s  only  a  pmall  portion  of  I  he  lisht. 
Vliis  formation  of  two  images  hy  glairs  rairrorB  renders  tliem  unflt 
pinany  optical  purposef*.  The  double  image,  formed  by  placing  a 
Mnt  agaittst  the  glasUj  enables  us  to  judge  of  the  thiekncFs  of  the 
Isis. 

Pra.)  Howaro  tb«i  olijeot  and  Its  Iotejio  hya  plMift  reflector  ^JtiiJitetl?  Ti  tba 
iiige  real  or  ftppnrent?  Why?  What  \a  a  Virtual  Imuge?  (  274)  Why  flo  ffta«M 
^/T&rs/frm  two  imagt*  f  What  is  ih*  oi^edi^m  to  this  dupUeaiion  1  Ho%o  do  w* 
I  i^tht  tMtStnsM  qfglat*  f 


I 


Fig.  161  represents  tho  phenomenon  of  reflection  from  the  surface 
of  stilt  water.  It  shows  how  tbc  reflected  rays  produce  images  of 
objects  above  the  wat^r  which  are  symmetrically  diiposed  with 
reapeot  to  the  surface  of  the  water.  The  cose  in  entirely  the  iam« 
as  though  the  images  hod  been  formed  by  a  horizontal  looking-glass. 


I 


Oui:v«d  Mirrort. 
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SIT6,  A  CniTim  Mirkob  is  one  in  which  the  reflecting 
unrfnce  is  curved.  The  most  inipoitaiit  class  of  cm*ved 
mirrors,  is  that  in  which  the  reflecting  surface  is  a  portion 


fSTS,)  B(*  trfin»pnr^t  hodie^  r^«et  U^Mt 
f^re.)  WbMt  ts  a  Curved  Mkrort 


a»?plai«  tN«  if^UtsUtm  /irom  wake.. 


HIBROES. 
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sphere.  When  the  reflection  takes  pbcc  trom  the 
W  or  concave  side,  the  mirror  is  enllcd  coticaiJe  ;  when 
Inflection  takes  place  trom  the  outer  or  convex  side,  tlie 
is  called  convex. 


Concave  Mirrgrs. 

A  Concave  Mtrroii  is  one  in  which  the  reflectioi. 
place  from  the  concave  side  of  a  curved  snriace. 

1  consider  the  case  in  which  the  reflecting  {^ui-fiiue 

ent  of  a  sphere. 
e  following  definitions  apply  equally  to  concave  and 
&x  min  oi-s : 

le  middle  point  of  the  mirror  is  called  its  vertex.  The 
fe  of  the  sphere,  ot"  which  the  niirror  farms  a  part,  is 
1  the  optical  centre.  The  indetinite  stniight  Une 
Igh  the  optical  centre  and  the  vertex,  is  called  the 
Upal  axh'y  or  sometimes  siiaply  the  axis.  Any  plane 
^n  through  the  axis  is  called  a  ^mncipal  section, 
ttis,  MH,  Fig.  162,  represents  a  principal  section  of  a 
^ve  mirror,  A  is  its  vertex,  C  its  optical  centre,  and 
its  princii^al  axia* 


t^ti 


Fig.  1«2. 


ps  to  be  obaerved,  that  in  practice  the  surface  of  a  curved  mirror 
ly  .a  very  small  part  of  the  eurface  of  the  sphere  of  which  it 
I  a  part. 

1^ . —^ ■ . ^ 

^vef   Convex f   (277)  Whitt  Is  «  Concave  MlrtOTt    ^TftaX  Xa  ^% ^wNk»> 
-■"-Tl«#«*wf    Theprtacipal&Klaf    A  princlpii\  wsctVonl    n^T\^mV»»  ' 


vUmlMBtfior    The 
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Piincipal  Focus  of  a  Coooave  MifTor. 

gT8.  A  Focus  is  a  point  in  which  deviated  rays  mrti 
If  the  incident  rays  are  parallel  to  the  axis,  the  focus  is  call- 
ed the  Principal  Fhcus, 

In  Fig.  162,  ^S'/and  «i,  are  two  rajs  parallel  to  thf  am 
CI  and  Ci  are  normals  at  the  points  of  incidence,  /  and  i 
11^  and  i^  are  reflected  rays,  making  the  angles  of  reflefr 
tion  equal  to  the  angles  of  incidence.  When  the  miiTor  i* 
sniiill,  compared  with  the  whole  sphere,  all  the  rays  paraW 
to  the  axis  arc  reflected  to  the  same  point,  7^  Hence,  from 
the  definition,  F  is  the  principal  foiui:;;.  It  can  be  shoo 
that  the  prinripal  focys  is  on  the  axis,  and  midway  between 
the  vertex  and  optical  centre*  Wc  shall  always  designiite 
the  principal  focus  by  the  letter  K 
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^ig.  163  shows  the  manner  oi  determining  tlio  principal  focus  by 
eriment,  makiug  lase  of  a  beam  of  light  coming  from  the  mn, 
[this  form  the  concave  reflector  rnay  be  used  to  collect  the  rays  for 
>  pnTpose  of  developing  a  great  amount  of  heat. 


Goi^jiigate  FocL 

2r9.  If  the  rays  of  light  emanate  from  some  point  of 
the  axis  not  infinitely  distant  from  the  minor,  tliey  will  he 
brought  to  a   fociia  at  some  point   of  the  axis,  generally 


Fig.  10*. 

Jerent  fi'ora  -FI  Thus,  in  Fig.  1G4,  the  ptmeil  of  rays, 
coming  fi-om  the  point  B^  are  brought  to  a  focus  at  ^,  be- 
tween JF  and  C  Had  the  rays  emanated  from  by  they 
would  have  been  brought  to  a  focus  at  H,  These  points 
are  so  related  as  to  receive  the  name  of  conjvgate  foci. 
Hence  we  have  the  following  definition  : 

Conjugate  Focr  are  any  two  points  bo  related  that  a 
pencil  of  light,  emanating  from  either  one,  is  brought  to  a 

tsus  at  the  other. 
That  one  from  which  the  light  actually  proceeds  is  called^ 
the  radiant ;  thus,  in  Fig.  164,  B  is  the  radiant. 


BtfUai/n,    th6    maimer  of  dHemtini^g  (A#  pHncipal  /beiM  by  mpeHmant 
(ltT9.)  Wbat  Are  CvDjugute  Fool  f    The  rvllAiitf 
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The  following  are  some  properties  of  e^njtigatc  foe  c 
ooncave  min-ors : 

If  the  radiant  is  oa  the  axis  and  at  an  inimitc  dUta 
fi-om  the  mirror,  the  rays  will  be  parallel,  nnd  the  m 
sponding  focus  is  at  i^  (Fig,  162). 

As  the  nidiaut  approaches  the  mirror,  the  focus  mz^  ] 
from  it. 
,  If  tiie  radiant  is  beyond  the  optical  centre,  C,  tbc  fociflS 
I  between  i'^aiid  C* 

If  the  radiant  is  at  C,  the  focus  is  at  C  B\m. 

If  the  radiant  is  between  C  and  JP,  the  focus  is  beyond  C, 
in  tlie  direction  CJC, 

If  the  radiant  is  at  F\  the  focus  is  at  an  infinite  distanc*, 
that  is,  the  reflected  i*ays  are  parallel. 


Fiii.  Iti5, 


If  the  radiant  is  between  ^  and  -^4,  as  shown  in  Fig-  165, 
the  rays  are  reflected  so  as  to  diverge,  and  on  being  pro- 
duced backw^ards,  meet  at  p.  In  this  case  the  focua  i* 
behind  the  mirror,  and  is  said  to  be  virtual  (Art.  273). 

If  the  radiant  is  not  on  the  axis,  the  pencil  of  raya  is  oh 
lique,  but  it  is  still  brought  to  a  focus,  and  if  not  far  disUin 
from  the  axis,  the  radiant  and  focus  enjoy  propeities  entirtflj 
analogous  to  those  jtist  explained. 

If  the  T»d!ii!it  tft  at  rti  Infinite  dlatanoft,  where  \a  tho  coi^ag&te  focus }  If  the  i 
•nt  cppToachaB  tin*  nilrrnr,  how  doos  tbo  fcwu?  move  ?  Whetts  do  tliey  meet  f  If  ^' 
''•tiiAot  \a  at  the  principal  focuft*  wltiiete  V*  Oic  ct»XiiTi^*XA  twasa&\  ^\v«£%\&MmM» 
^'frtmlf    Exphm  the  law  of  an  obll^u©  p«inAV  ot  t«y%. 


Formation  of  ImageB  by  Concave  Reflector*. 

Hi.    If  an  object  1v?  placed  in  Iront  of  a  concave  mir* 
a  pencil  of  rays  will  proceed  from  each  point  of  the^ 
^ct,  which  after  i-eflection  will  be  brought  to  a  focus 
^er  real  or  virtuul.    The  collection  of  foci  thua  formed, 
e  up  the  image  of  the  object 

Real  Images* 

111,    If  the  object  is  further  from  the  mirror  than  th«,j 
icipal  focns,  the  image  will  he  inverted,  and  real, 

.  ,11.  r. .,  'iiv.  '■'    ,,      ..    -,,     '.'. 


Fig.  \m, 

!g»  166  represents  an  inverted  image  formed  hy  a  con- 
f  reflector.  That  the  Image  is  real,  may  he  sho'ftTi  by 
iwing  it  on  a  screen. 


^.ySowU  mn  Image  of  aa  ol^e«t  ibrm«dT    C^B1.> 'TTiiftiLV&^iXaAVmttii&^t^^ 


J 


sai 


^  tM,  When  the  object 
|18  between  the  prmeipal  fb- 
1  GOfi  and  the  mirror,  the  im- 
j  Ige  IS  virttml   and  erect,  as 

shown  in  Fig.  WB    Further 

^Tt,  it  is  larger  than  the 

object,  or  nia^ified 
Fig.  169  shows  the  course 

of  the  rays  in  forming'  a  vir- 
tual an(3  erect   image.     The 

•^  is  bet  ween  the  principa] 

*^*ca3^  iP  and    the    mirror. 

^fae  pencils  of  rays  from  a 
^*1  6  are  reflected  so  aa  to 
L  tin  erge  from  the  virtual  foci,  A 

^^tbe  image  is  larger  than  the  object. 


Fv^ife 


populah  fiiysics. 


Fig.  167  shows  tlie  course  of  the  rajs  iti  fomiing  a  real 
image  by  means  of  a  concuve  mirror.     In  ihh  case  the  imagA 
of  a  distant  i.*hurch  is  formed  and  throwu  npon  a  sheet  of  1 
paper ;  the  image  is  a  pfifec-t  picture,  not  only  in  outline j 
Init  in  color ;  its  only  delect  is  that  it  is  inverted. 


¥ 


Fig    mi. 


Wlien  the  object  is  at  a  greater  distance  fi*om  the  mirror 
than  the  optical  centre,  the  iraage  is  lees  than  the  object ; 
M'hen  the  object  is  between  the  optical  centre  and  the  pria- 
eipal  focus,  the  image,  is  greater  than  the  object.  In  this 
case  the  reflector  may  be  used  as  a  magnifier,  ■ 

T^xfilain  the  course  of  tha  niya  in  forming  an  Image,    Wheo  ii  tbe  Imafe  sroAJIff 
tlian  tbe  object  ?    Whoa  l&rffer  T 
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FOPUI-OE    PHTSrCS. 


The  point  at  which  the  i-aj  is  deviat^^d  or  bent,  h  calk 
ihe  point  of  incicknce  ;  thu%  ^  is  a  point  of  incideuce. 

The  ray  after  deviation  is  called  t/w  refracted  ray ;  ih%  j 
AKh  a  refiracted  ray. 

The  angle  that   the  incident  ray  ruakes  with  the  nonnil  j 
at  tho  point  of  incidence  is  called  tfie  angle  of  incidemy 
and  the  plane  of  this  angle  is  the  plane  of  mcideJi^£,    Thtia, 
LAB  is  an  angle  of  incidence^  and  the  plane,  LAB^  is  the 
pLine  of  incident^, 

Tf»e  angle  that  the  refracted  ray  makes  with  the  normal 
at  the  point  of  incidence  is  called  the  angk  of  refraction^  aud 
the  plane  of  this  angle  is  the  plane  of  refraction  ;  thus,  the 
angle  KA  C  is  an  angle  of  refraction^  and  the  plane  of  tliia 
angle  is  a  plane  of  reii  action* 

LaWB  of  Hefractioii. 

986,  When  light  passes  fi*om  any  given  medium  into 
another,  no  matter  what  may  be  the  angle  of  incidence,  it 
always  conforms  to  the  following  laws : 

1,  The  planm  of  incidence  and  refraction  coincid^^  h>^ 
being  normal  to  the  surface  separating  the  media^  at  H^ 

point  ofiftcidence. 


2.  The  sine  of  the  angle  of  incidence  is  equal  to  the  si^ 
of  tM  angle  of  refraction  miUtiplied  bg  a  constant  qua 
titg. 


\ 


This  constant  multiplier  is  called  the  index  of  refraction, 
and  is  equal  to  the  ratio  of  the  velocities  of  light  in  the 
two  media. 


What  Is  tb©  point  of  inciaenceT  Tllnetrate.  The  refracted  my?  IUnptr»W 
T\m  lui^rje  nijrl  plane  *jf  incidence?  Illnelmk!,  Tlie  angle  and  plane  of  refractiaD 
Ilium  mo.  <Ji8G.)  What  Is  the  first  law  of  rafractlou  ?  The  second  law  ?  WU 
la  Itoti  index  of  rcjhictloa  ? 


Dod  law  may  he  ilJustrated  by  t]ie  figure  iti  the  margin* 

]he  point  of  incidence  on  a  surface   separating  air  from 

t'ith  A  &B  Q,  eeuire.  descri^jo  a  circle,  BmCp.     Let  LA  be 

t  ray,  and  AK  the  refriicted 

w  mn  and  pg  jierpendicular 

rmalj  BC.    Then  will  tliese 

le  sines  of  the  angles  of  inci- 

refraotion^  and  we  shall  have 

Licular  case  of  air  and  water, 

^jpq  multiplied  by  Uj  what- 

■e   the  inclination  of  hA, 

She  I  ndc  A  of  re  fraction .    Fo  r 

;laFS  the  index  of  refraction 


I 


Refractive  power  of  Bodies. 


Different  bodies  possess  d liferent  refractive  powers.  New. 
-ved  thatj  as  a  general  rule,  the  refractive  power  was 
or  combustible  bodies,  or  bodies  containing  combustible 
such  as  alcohol,  ether,  oil^,  &c.,  which  contain  both  liydro- 
uarbon.      He   found   that  the  diamond  was   more    highly 

than  any  other  body,  and  hence  inferred  that  it  was  a 
le  body,  an  inference  that  has  since  been  confirmed.     It  is 

refractive  power  that  the  diamond  owes  its  brilliancy  as 

Gases  are  not  so  highly  refractive  as  liquids,  but  their 
power  may  be  increased  by  compreEsionj  which  augments 

ty. 

■      Bxpeiimoiital  proofs  of  Hefractioii* 

If  a  beam  of  light  be  introduced  through  a  hole  m 
of  a  dark  room,  and  allowed  to  tail  upon  the  snr- 
rater  in  a  glass  vessel,  as  shown  in  Fig,  173,  the 
of  the  beam  as  it  entei's  the  water  may  be  seen  by 


the aseond Uxw he mtmraied  f    (  ^8 T)  i^ (JU  bodies  r^raet  BguaUf  T 
mtQv^^vimfitt    (288)  EzplalJi  ibe  method  of  prnrtug  refraQtiom  61f 


Let  a  piece  of  money  be  plactd  at  the  bottom  of  an  craptj  < 
V4>flsel,  tmd  then  take  a  position  such  that  the  coin  shall  just  j 
hi*  huhlvn  by  the  »ide  of  the  vessel.  Whilst  in  this  position, 
if  water  he  pmired  irto  the  vessel,  the  rays  from  the  coin! 
will  bo  refriieted  so  as  to  rejider  it  visible.  The  effect  of  I 
refract  ion  in  this  and  similar  cases,  is  to  make  the  bottom  of  ^ 
the  vessel  appeur  higher  than  it  is  iu  reality,  as  ehown  h 

Fig.  n4. 

Exptain  n  lecoiid  method  f 


KBFBACnON    OF   UGTTT. 
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Mirage, 

MrRAGE  ia  an  atmoBj^heric  phenomenon  depend- 

bn  extniordinary  refraction  and  totiil  reflection. 

netimes  a  layer  of  atmosphero  next  the  earth  becomes  a  reflectofj 

that  ca^e  portions  of  the  eartli  appear  to  the  traveller  like 

land  pond^  }  each  appearances  are  frequent  in  desert  countriea 

Ithe  beat  is  iutense.     To  heighten  the  iHusjon,  trees  are  often 

efle^ited  from  the  aurfacses  of  these  apparent  ponds.     An  exam- 

of  this  kind  i&  shown  in  Fig.  178.     The  rays  coming  from  the  top 


Fig.  im 

!  tree  on  the  left  of  the  picture,  are  totally  reflected  at  a,  from 
er  of  the  atmosphere,  and  reach  the  eye  of  the  observer  at  the 
The  observer  refers  the  position  of  the  tree  top  bockwarda 
;  the  direction  of  the  dotted  line,  which  causes  the  tree  to  appear 
ed.     In  this  case  both  the  tree  and  its  ima^e  arc  seen. 
Wow  if  we  suppose  both  to  be  thrown  np  by  extraordinary  refrac- 
,  we  filial  I  have  a  phenomenon  not  an  frequently  noticed,  in  which 
|)bject  is  seen  elevated  in  the  air^  accompanied  by  an  inverted 


Explftin  the  pheaomeaa  of  mizage. 


P?90 


OPU1.AB  PBTSICS. 
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Flff.  ITO. 


I>onMe  Befi^ctioa.— FolariBatlon. 

29la,  Certain  crystalline  eiibstaneeB  haye  the  pow« 
to  Beparate  a  transmitted  beam  into  two  parts,  so  that  ob-I 
jects  seen  througli  thom 
ajipear  double.  This 
phenomenon,  called 
double  refraction^  de- 
j)enda  on  the  molecular 
anmngemcnt  of  tho 
body,  which  causes  the 
contained  elher  to  have 
diilereiit  degrees  of  elas- 
ticity in  diflFerent  directions, 

IceJntid  jq>nr  la  sm  cxQtnple  of  donbie  rcfr acting  bodies.  Its  crystste 
can  be  reduced  by  cU^vagc  to  tlie  form  of  an  ecfuilalerai  rbomb,  mS 
shown  m  iJie  fig^ure.  The  imriicles  are  symmetrically  arraa^ 
about:  the  shortest  dfiLgona^  ah^  atii 
\\m  m  cfllkd  tlw:  axis,  lb e  contained 
eihc-T  lias  its  maximum  density  in  tlie 
direetion  of  tiic  axis,  anil  ils  minimum 
deusily  in  directions  perpendicular  to 
the  axis.  In  cnnsequence  of  these  im- 
eqnal  eljisticities  the  transmittea  wave 
ift  divided  into  iwo,  which  advance 
^vitU  anoquaj  vclocilies  ;  henct^  tne 
jihenomena  ot  double  refmction. 

The  two  parts  into  which  a  ray  is  divided  cio  not  mcvr  ftcconlte 
to  the  same  law.  One  follows  both  the  laws  of  refraction  nlrtad. 
explained;  it  is  cnllrd  M\<^  ordrnm-jf  rap.  Tlie  other  does  not, as 
general  thing  ftdlow  either  of  those  laws;  it  is  called  the  ittr^'- 
ardiimn/  raf/.  Wlien  transinission  takes  place  in  the  direction  •*/ 
the  axif3,  the  two  myH  cnineide ;  when  in  a  plane  pcrpendicoUr  to 
the  axis,  tlie  two  rays  are  most  separated. 

The  class  of  bodies  to  which  Icelan  d  spai*  belongs  have  but  one  Alfi^' 
lion  in  which  the  refracted  rays  coincide;  tliese  are  called  vnifi-i^^ 

Bare  bodies  that  have  two  sucli  directions ;  these  are  called  biogid 
:  ifl  doifbie  reftflction  If  TVAof  *•  Iceland  fpar  t  Why  doea  U  Mpoftfl^ 
oparut    What  i$  thi  or^mojy  my  f   JExtra&niintayf 


t 


^ 


If  a  beam  of  light  be  tranamitted  tliroiigli  a  ctystal  of  Icelaad 
spar,  the  parts  into  which  it  is  divided  tut  of  itqnal  id  tensity.  If  one 
of  these  parts  be  transmitted  tlirougli  a  second  crystal,  the  parts  IE  to 
-which  it  is  divided  are  of  nnequal  intcnsily^  and  the  degree  of 
equality  depends  oa  the  rtlative  positions  of  tlie  ciystals.  Hence, 
ght  that  haa  been  doubly  retracted,  differs  from  comuioa  light; 
t  is  jHykxrmd. 

The  vibrations  that  constitute  light  are  tra7i»f}erml^  that  is,  they  are 
perpendicular  to  llie  direction  of  propagation.  In  eomrtum  light  the 
vibrations  take  place  in  every  possible  direction  consist<v(it  with  this 
law ;  in  polfimM  light  they  take  place  m  lines  perpendicular  to  a 
single  plane,  called  the  plane  of  polurizatwrtr. 

Light  is  biiat  studied  by  allowing  it  \o  fall  perpendicularly  on  a 
plate  of  tourmaline,  cut  parallel  to  the  axis  of  the  erjatal.  Such  a 
plate  allows  no  vibrations  to  pass  except  they  be  paralk-l  to  the  nxis. 
Hence  tlie  emergent  beam  is  polarized.  Let  such  a  beam  fall  per- 
pendicularly on  a  i*ecoiid  plate,  siniilur  to  the  first.  If  the  axes  of 
these  plates  are  parallel,  the  entire  beam  is  wholly  IranHmitted;  if 
the  axes  are  perpendicular  to  each  other,  the  l>eam  is  wholly  inter- 
cepted ;  it  the  axes  are  obltque  to  each  other,  the'  beam  is  partially 
;dmitted  and  partially  intercepted. 
If  the  rays  that  have  passed  through  a  crystal  of  Iceland  spar  be 
ted  by  a  plate  of  tourmaline,  it  it*  found  that  they  are  i>olanzfd  in 
ilanes  which  are  perpendicular  to  each  other. 
Light  may  be  polarized  by  refleetiou.  We  have  aeen,  when  light 
.lis  on  a  surface  separatinf?  two  media,  that  it  is  sepai-ated  into  two 
!Arl3  one  of  which  is  relVacted  and  the  other  reflected.  When 
hese  two  parts  are  perpendicular  to  each  other,  the  reflected  ray 
polarized  in  a  plane  normal  to  the  reflectin.i^  s^nrface. 
Light  may  also  be  polarizeil  by  refraction  by  an  ordinary  medium. 
'The  plane  of  polarization  ia  then  peipeudicular  to  that  of  the  re- 
jected ray. 

Tlie  mode  of  vibration  In  polarized  Mglit  may  be  illustrated  by  a 
T-ope  pressing?  between  two  horizontal  slats  of  a  board  fence,  the  first 
^nd  beinjj  fustened  on  one  side  of  the  fence,  and  the  second  end  being 
lield  by  the  hand  on  the  other  side.  If  the  hand  be  moved  rapidly 
In  any  direction,  the  wave  motion  will  be  reduced  to  a  smgle  plane 
^fler  passing  the  fence. 
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What  is  polarised  Hght  ? 


The  /itaiw  Gf  pofaHattion  f    AcHm  (^  pints  of  tour- 
tight  f 


POPCULB 
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•J09.  When  a  raj  of  ltgiit» 
Lifi^  Fl^.  leo,  &U6  upon  a  me 
diiari   Ix^mided  by  plane  hee^ 

UM  11  {ilnte  of  glass,  for  example^ 
it  in  fi^fracted  towards  the  nor- 
mal and  paitses  through  the  plate 
til  notne  direction,  mn  /  here 
it.  In  refhietcd  as  ranch  from 
tb(^  nonnal  as  it  was  towards 
it  in  tiie  fn-st  umtance,  and  the 
ray  emerges  in  tlie  direction 
Ho^  parallel  tu  Lm,  The  twa  refimetions  do  not  chjui| 
di  reel  ion  of  I  he  ray,  but  I 

tsiuiply  Hliifl  it  ftlijL^htly  to 
i^Tii!  mde  or  tliu  other. 
IIi'n('(\  in  |(K>king  through 
a  witiduw,  we  do  not  see 
the*  tlirertinn  of  objects 
i"hiir*^(*d  by  the  inteiTcn- 
ing  ghiaa, 

Prfima. 


tt1>a,    A  Fnif^iM  iM  a  n*- 

frjietive  inetliuni  bonndetl 
Viy  \i\nfu^  fliees  interHeet- 
ing  eivefi  tJilier. 

Fig,  IHI  represents  a 
pHRrn  nionuted  for  opti- 
cal experiments.  It  con- 
sists of  it  piece  of  glass 
with    three    plane    faces, 


i  nasi.)  I»  n  r»y  i>f  light  bent  fVfltti  Ita  <3oarfi&  la  paAslog  throitgh 
^mlkl  ftc^l    Kx|»l»lii  th*  pUeDomenon.    (  ««3.>  What  Is  a  Prlwn 


ft  medl 

M 


iCmON     OP    UGHT, 


MM 


^"^^et'iDg  in  parallel  lilies  called  edges.    It  is  placed  on  a  stAud 
^^  that  it  can  be  elevated  or  deprt^saed,  and  it  also  is  capable 
^  ^eiiig  turned  around  an  axb  parallel  to  the  edgea,  by 
^^^^ang  of  a  button  sbovvni  on  the  leti. 

Prisms  produce   upon   light  which  traverses  them^  two 
^inarkahle  effects:    1st,  a  considerahk  det^iation  ;  2d,  m 
^^^^eomposition  of  light  into  its  elements. 

These  effects  are  simultaneous,  but  we  shall  at  present 
^tily  consider  the  first  one,  leaving  the  second  to  be  studied 
*^ereafter  under  the  name  of  d/spersion* 


P 


Oooirse  of  Liimixiotui  Hays  ia  a  Pxiim. 

994*     In  order  to  follow  the  course  of  a  ray  of  light  in 
J)a8sing  through  a  pmm,  let  rnno^  Fig,  182,  represent  a  sec-  i 
lion  of  a  prism  made  by  a  plane  perpendicular  to  the  edges* 

L  A    ray    of    light, 

B  Xoi   filing    upon 

~  the  face,  fitUy  is 
refracted  towards 
the  normal,  and 
passes  through  the 
prism  in  the  direc- 
tion, ab;  here  it 

H  ialls  upon  the  sec- 

H  ood  face,  ?«o,  and 
is  again  refracted, 
but  this  time  ft*oni 
the  normal,  and  emerging  into  the  air,  takes  the  direction 

kbc.     An  eye   situated  at  e,  refers  the  object,  X,  backwards 
along  the  ray,  c^,  so  that  it  appears  to  be  situated  at  r.    Tlie 
total  deviation   is  the  angle  between  its  original  direction, 
Xo,  and  its  final  direction,  cr. 
We  see  fi'om  the  figure  that  the  ray  ia  bent  from  the 


Fig.  183. 


• 
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WlhAt  efliMt  liu  A  prism  an  UgbtT 
priitD. 


(291.)  Ex|>1jiUi  ih&  coarse  of  a  t&j  throfigb  A 


I 
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edge  in  which  the  r«ira4!tuig  fiioes  meet,  that  is,  it  ii  1 
towardft  the  thick  part  of  the  prism ;  Uus  deviation  I 
effect  to  make  the  object  appear  bs  thoagh  thrown  ton 
that  edge.     The  angle,  nma^  is  called  the  refoctiog  I 
of  the  prism. 


Fig.  183  shows  the  manner  of  displacement,  caused  by 
vii'wint?  an  object  through  a  jirism.  If  the  prism  is  verticolT 
t.}ie  displaeetiient  is  towards  the  viglxt  or  left,  accordlDg  i^ 
the  position  of  the  refi*acting  angle. 


J 


SlfKS.     A   Lens   is   a   refracting   medinni,   bounded  hy 
curved  aiu-faccsi,  or  by  one  curved  and  one  plane  siir&oe* 


IVhkh  WAy  U  tho  ray  bent?    Exploit  IVgA^.    C -^^-^  ^^TtaalV*  m.\jnfe.\ 


LENSES. 


296 


-Lenses  ai*c  iistiaJly  made  of  glass,  and  art;  bounded  bj 
jlieiaosil  8m1Iicc8,  or  by  ono  spherical  and  one  planu  sur&ceij 
tie   STiiJatjtig  arc  made  spherical,  because   they  arc  moi*e 
isily  "%vrought  by  the  glass  grinder. 


Fl2. 1S4. 


Fl;l.  1> 


t^g.  184  represents  a  side  view,  and  Fig.  185  represents 
ifront  view  of  a  iens,  bounded  by  two  spherical  surfaces. 


Olassifioatlon  of  Iicnses. 

J,  • 

Lenses  are  divided  into  six  classes,  according  to 

^^^  nature  and  position  of  the  bounding  surtaces,  Bcctions 

*^*' Which  are  shown  in  Figs.  186  and  187. 

Tlie  first  tliree,  represented  in  Fig.  186,  are  tliiclcer  in  the 
^^ddle  than  at  their  edges.  Tiiese  converge  or  collect  rays 
^^  light,  and  are  called  cofivergent  lenses, 

The  last  three  are  thinner  in  the  middle  than  at  their 
^^gea.  These  diverge  or  scatter  rays  of  light,  and  are  called 
^^I'ej'gent  lenses. 


•r« 


^  *h*t  ard  lenees  male  I    ( 20fi.)  How  many  ktnii*  of  leoaea  bto  tlMreT    Wbftt 


'^SVergetit  lonsea  ?    Divergent  lend^ft  f 


FOPUlJkB     FHYSICS* 

These  different  leoacs  are  named  and  described  i 
following  defitiitionB; 

1,  The  double  ccmvex  lens,  Jtt^  bounded  hj  two  ' 
iiir&cefl. 


Fig.  ISd, 


Fif .  18T. 


2.  The  f^tuxonvex  lens,  JT,  bounded  bj  one  oonyei  aiwlj 
one  plane  surlaoe. 

3.  The  meniscus^  Oy  bounded  by  one  concaye  iwi^  ^™ 
convex  surface,  the  concave  surface  being  the  kmt  enx^^M 

4.  Tlie  double  concave  lens,  P,  bounded  by  two  «>iica^ 
Burfaces. 

5.  The  piano-concave  lens,  §,  bounded  by  one  cojica>"^| 
and  one  plane  surfece. 

6.  The  concavo^on^ex  lens,  iZ,  bounded  by  one  oon<^'* 
and  one  convex  surface,  the  concave  surface  being  the  fl**^^ 
curved. 

In  studying  the  effect  of  these  lenses,  it  will  he  m^^^^ 
to  consider  the  double  convex  and  the  doiMe  concave  1^» 
as  specimens  of  the  classes  to  which  they  belong,  the  fono^ " 
representing  the  convergent^  and  the  latter  the  div^V^ 
elasaes. 


Hame  «id  d«Mrtbe  the  sli  kinds  of  lensea  ftep&rfttely.    wiijit  two  aw  tiku^ 
•peoiiii«ii«f  ^ 


Definitions  of  T&imM* 

297*     The  centres  of  the  bounding  snrficea  of  a  lens  are 
lUed  Centres  of  Curcature/  thus,  in  Fig.  188,  c,  aad  (7, 
M*e  centres  of  curvature. 

In  tlie  double  coavux  lens  tiro  centre  of  curvaltirc  of  each  surface 
on  the  opposite  eide  of  tlio  lens;  in  Ihe  double  concave  Ictia  the 
fBvens©  is  the  case.  In  iho  meniscus  and  the  eonciivo-eouvex  lens, 
both  centres  are  on  tbe  same  side  of  the  lena.  In  llio  plano-convex 
md  the  plano-concave  lens,  the  centre  ol'  curvature  of  the  plane 
lurface  is  at  an  infinite  distonce^  and  in  a  pcrpcndicalar  to  the  plane 
larface  at  its  middle  |ioint. 


\3 


Fig.  188. 


The  straight  line  through  the  centres  of  curvature  is 
lialkd  the  axis  of  the  lensj  thas,  in  Fig.  168,  XT  is  the 
nxis. 

It  is  demonstrated  in  higher  optics,  that  there  is  always 
one  point  on  the  axis  of  a  lens,  such  that  the  rays  of  lij^ht 
passing  through  it,  are  not  dexiated  by  the  lens.  Tiiis 
point  is  called  the  optical  centre^  and  i.s  of  much  use  in  the 
eonstniction  of  imnEjes, 

In  practice  it  is  osufil  to  make  the  surfaces  which  "bound 
flouble  convex  and  double  concave  lenses,  equally  curved* 


(29T)  What  are  Iho  Cpntres  nf  CnTTatuTo  of  a  lens?     Wt6r€  are  th^y  in  the 

E^i  convex  lenn  t  Donhh  rmtctfvf  Mi'niHcnui  Phjno-cttn^nf}e  and  pinno' 
^I  Wbat  \A  the  dxi.^?  What  in  tho  optLcnl  centre?  Itsnsar  In  {vraetLccv 
aro  the  Gi]rviitQr««  of  the  atirfiMiea  ! 


PBTSfCS. 

WlieD  this  is  the  case,  as  we  shall  suppose  in  what  follows, 
the  optied  cuntro  in  on  the  axis,  and  midway  between  i^e 
twu  surfaces  of  the  lens ;  thus^  in  Fig.  18a,  O  is  the  opW 
ceutre,  and  any  ray,  MK^  paissing  through  it,  is  not  dewid 
by  thi*  lens. 

To  find  a  noi-nial  at  any  point  of  the  Burfhee  ot  a  lens,  ^ 
drfiw  a  line  troin  that  point  to  the  correspotuJing  cenU'^t'f 
curvature;  tlius,  mC  and  y^t,  are  normals  at  the  poml* 
m  and  u. 


Actioa  of  Convex  Ijenses  on 


iliight. 


af>N.  Whun  a  ray  of  light  falls  upon  one  surfece  of  i 
double  uuijvex  lens,  it  is  refracted  towards  the  norJiMJ, 
passes  through  the  lens,  is  again  incident  upon  the  second 
surface,  and  is  retVacted  trom  the  nonnaL  This  action  w 
entirely  analoj^ous  to  that  of  a  pi  Ism,  the  deviation  being 
towards  the  tbieker  jH^rtioii  in  both  cases.  In  flict,  ifwej 
suppose  phmes  to  he  tlnnvn  tangent  to  the  surfaces  at  the 
points  of  incidence  and  emergence,  they  may  be  regarded  ] 
as  the  faces  of  a  prism  through  which  the  ray  j>asseSw 


Prmcipal  Focus. 

200,    If  a  beam  of  light,  parallel  to  the  axis,  falls  tipon  » 
Icna,  it  will  be  collected  by  refraction  in  a  single  point.    This 


Fig.  1S9. 


"^^ere  U  tbo  optical  centr©  In  tills  C9B&1    How  Ao  yon  find  a  Qorntal?    It9$^ 
xf^Uin  Uie  AetioD  of  *  godtcx   Um  on  iigU.     (299.)   What  U  tbd  pHadFl 

ttOHt 


Exi»Ui 


called  the  principcU  focua^  iind  its  distance  irom 

2t  called  the  jyrtfieipai  focal  dtstafice* 
Durse  of  tlic  rays  in  indicated  iti  Fig.  180,  in  which 
\  parallel   to   CX,  arc  braiigUt  to  a  foctis  at  K 
is  the  principal  focus. 

be  observed  that  the  rays  will  not  bo  brought  accurately 
,  except  ill  the  ease  ia  which  lUe  Giirface  of  the  lens  iit 
en  compared  wiih  that  of  the  whole  ephero  of  which  it 
i.  This  scattcrini;  of  (he  rays  from  a  focus  is  called 
aberration.  It  is  remedied  in  jiractico  by  covering  up  a 
10  surface  on  which  light  falltf;  by  a  paper  cover  with  an 
1  ita  centre. 

s  rays  fallen  upon  tho  other  side  of  the  Icns^  they  would 
,  brought  to  a  focus  as  far  to  the  right  of  ihc  lens,  as  F  it» 
of  tt. 


I 


Oot^ugate  FogL 


oxjUGATE  Foci  arc  any  two  points  so  situated 
UB  of  a  lens,  that  a  pencil  of  light  comuig  from  one 
it  to  a  focus  at  the  other.  That  from  which  the 
aally  comes  is  called  the  radiant. 
J,  101,  a  pencil  of  rays,  coining  from  X,  is  brought 
iLs  at  iy  had  llie  light  come  from  /,  it  would  have 
mght  to  a  focus  at  X;  i  and  /  are  conjugate  foci, 
le  c:ise  figured,  X  is  the  radiant, 
the  railiant  is  at  ini  infinite  distance^  the  rays  are 
and  the  con-.'spondrng  tocoi  i^  at  i^;  this  is  the 
ti  focus.  As  we  liave  already  seen,  there  are  two 
,  one  on  each  pide  of  the  lens.  It  will  be  BufRelcni 
nirpose  to  suppose  the  hght  to  come  from  the  right, 
fcasc  the  principal  focus  is  on  the  left,  at  i^ 

men\  cHltsEiMf  Bxplititt  tho  eonrse  of  i1i'>  mjrs.  Whai  U  nphsricnt 
f  ritntj  r^m^i*dt  (  aO€.)  What  arc  Coiijugaio  Focll  What  U  Iho 
Ittstmte.    Wbuit  th9  radiant  b  at  oo  IttaaJLo  dUtaaoo,  vrbero  la  Uiooob* 


k 


If  the  radiant  approach  the  lens,  tlie  oorresponding  tocm 
will  recodt^  from  it,  as  is  shown  in  Fig.  191. 

U  tin?  radiant  is  at  the  principal  Ibcal  distance,  tlie  re- 1 
fractt'd  J'jtVH  w  ill  he  paralk'l,  that  is,  the  corres[3onding  fot?Q»J 
will  ho  a!  fill  infinite  distance,  as  is  ehown  in  the  npper  dacj 

II"  the  mdiant  in  still  nearer  the  lens,  the  rays  will  diverg 
ftOtT  dfviatir>n,  and  \\ill  only  meet  the  axis  on  being  pri 
dnet^d  backwards,  in  which  case  the  focus  is  tfirtuaU  •»»  ^ 
nil  own  in  the  lower  iliagranij  (Fig.  193).    In  this  dLngrnni 
A  in  tho  radi:tiit,  and  I  the  virtnal  focus. 

lliiis  far  wo  have  supposed  the  radiant  to  be  situated  on 
the  pnnei^ial  axis;  if  it  is  on  any  line  through  the  optical 
oontre  not  much  inclined  to  the  axis,  the  corresponding 

Whon  thi*  rnttlnnl  U  nt  a  dffltftDco  prrater  limn  tlie  princtpiil  fbriiT  distaFC**^  ^1^**^ 
**  nir  cMHi)i(«<ilfl  tHvwikf  WTii^Ti  tlJp  mrlfAut  iipprortclK^S  tho  Tene?  When  at  the  |?r1tl 
«l|»nl  hifiu«T     It  Htm  uourf^t  Uii>  k-m?    Btjpp€d«  tlie  ratliant  not  on  tbe  ajcUt 


UCNSES. 
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Us  will  be  on  that  line,  and  the  laws  wbieh  regulate  the 
tions  of  conjugate  foci,  ah-eady  considered,  will  be  ap- 
Me. 

heae  principles  are  of  use  in  the  discussion  of  images 
Bed  hy  Jenses. 

Fig.  191 


>!«.  im. 
^P  Formation  of  Images  by  Oonvex  LenAea. 

aoi.  If  an  object  be  placed  in  front  of  a  lens,  each  point 
of  it  may  be  regarded  as  a  radiant  sending  out  a  pencil  of 
rays.  Each  pencil  is  brought  to  a  focus  somewhere  behind 
the  lens.  The  assemblasre  of  these  foci  makes  up  a  picture 
of  the  object-  which  is  called  its  image.  When  the  object  is 
at  a  greater  distance  from  the  lens  than  tlic  principal  focal 
distance,  the  imaq:e  will  be  real  and  inverted.  The  course 
of  the  rays  ifi  shown  in  Fig.  194.  The  image  is  real,  as  may 
be  shown  by  throwing  it  upttn  a  screen ;  so  long  as  the 
image  is  real,  it  is  inverted,  as  may  be  seen  by  allowing  it 
to  iall  upon  a  screen,  or  it  may  otherwise  be  shown  from 
the  fact  that  the  axis  of  each  pencil  passes  through  the  op- 
tical centre  ;  hence  the  image  of  each  point  is  on  the  opposite 
side  of  the  axis  from  the  point. 


(3CI1>)  Explain  tlte  foraiatli»n  of  an  tmogo  \j  a  laisfk 


802 


T^VU^ 


With  respect  to  the  ske  of  the  image  in  tliis  ctvae^Hl 
be  either  greater  or  smaller  thuii   the  object*    Wkn! 
object  is  tUrther  from  the  lens  tlian  twice  thy  principalfi 
distance,  the  image  ia  smaller  than  the  object;  wbenl 
object  is  at  twice  the  focal  distance,  the  image  Is  of  I 


Fig.  IH, 


le  size  as  the  object ;  when  the  distance  is  less  than  twii 
the  principal  focal  distance,  and  greater  than  the  prtudp 
focal  distance,  the  image  is  greater  than  the  object. 

These  principles  may  be  shown  experimentally  as  follows: 

Let  a  convex  lens  be  placed  in  a  dark  room,  and  suppose  its  priJ 
cipttl  focal  distance  to  have  been  determined  by  means  of  a  beam  of 
solar  rays.  Let  a  candle  be  placed  in  front  of  the  lens,  and  a  scxeeQ 
beliiud  it  to  receive  its  image,  as  shown  in  Fig.  195, 

When  the  distance  of  the  candle  from  the  lena  is  more  than  twid 
the  principal  focal  diatanee,  its  image  will  be  less  than  the  objei 
and  the  more  remote  the  candloj  the  less  will  be  its  image. 

If  the  candle  be  moved  towards  the  lens,  its  image  will  grow  larfe 
until,  at  twice  the  principal  focal  distance,  the  tiase  of  the  image  an 
object  will  l>c  equal. 

If  the  candle  bo  moved  still  nearer,  the  size  of  the  image  will  be 


Htiw  doea  the  bIm  of  the  imiise  compare  with  that  of  tlic  ol^ect  In  difflDt^nt  eM«»l 
^plain  ill  ddiiiU  tht  m^iod  f]f  iUuntraiing  tho  foragoinQ  pHneipU*  bf  WptH^ 


bject  approach  etill  nearer  the  lens,  that  ia,  if  its  distance 
than  ihe  principal  focal  tli stance,  the  image  will  in- 
i?viH  become  erectj  and  fi^rtbermore  it  will  be  virtual.  The 
the  rays  in  thifi  case  is  shown  in  Fig.  197,  Here,  ab  is  iho 
d  AB  is  Its  imagBj  which  can  only  be  Been  by  lookiny| 
le  lens. 

case  the  lens  bceomea  what  is  called  a  single  microscope. 
ho  object  is  ot  thi^  principal  focal  difitance  from  the  leni 
is  infinite  ;  that  ie,  it  disappears. 

What  U  a  ^ingh  mUnncop^  f    lUuatraU, 


The  phenomenii  just  described   may  be  observed  by  locking: 
a  convex  lens  at  Uie  letters  on  a  priuied  pn^e.     When  the  leltcnaW 
at  a  gliorl  diBtance  from   ihe   leitR,   they  nrc  mogntfied  and  creel; 


the  lens,  Ihey  disappear  at  the  principal  focal  diatOAG 
lly  reappear  invert&d  and  diminished  in  size. 

Images  by  Concave  Lenses* 
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Concave  lenses  being  thinner  in  the  middle  than 
fce  edges,  hjive  the  effect  to  iliverge  parallel  rays.     If  the 
»JB  are  already  divergent,  these  lenses  make  them  still 
SOTO  so. 

This  is  shown  in  Fig.  198,  in  which  a  pencil  of  rayg,  coming  from 
be  radiant,  L,  are  made  to  diverge,  as  though  they  proceeded  from 
m  point,  Ij  nearer  the  lens.  This  point,  f,  is  the  virtual  focus,  cor- 
re^onding  to  the  radiant,  L.  To  an  eye  situated  on  the  left  of  ike 
the  light,  Jj,  appears  to  be  siluaLed  at  L 


Fig.  19S. 

From  what  has  been  said,  it  is  plain  that  the  images 
^omied  by  concave  lenses  are  virtnaL  They  are  also  erect, 
aa  in  Fig,  198. 

The  course  of  the  rays,  in  forming  an  image  in  the  case 

of  a  concave  lens,  is  shown  in  Fig.  !£>[>.     In  tliat  figure,  AB 

presents  the  object.     A  pencil  of  rays,  coming  from  A^  is 

eviated  so  as  to  appear  to  corae  from  a,  sitiiated  on  a  line 

rawn  from  A  to  the  optical  centre  of  the  lens  0,     A  pencil, 

coming  from  ^,  is  deviated  so  as  to  appear  to  come  from  b^ 

(309.)  What  Is  the  eftatt  of  a  rllreTgvnt  Um  npm  ll^IiC?  JSbplain  Fig^  10S. 
Wlftl  kind  of  imagfui  «r«  foruied  by  concave  Icosea?  Explain  tlio  course  of  th©  ray* 
In  1  coQc&T^  lent. 


jH    of 

I 


4 


Fig-  l»ft. 


anil  irt,  fis  we  see,  smfiUer  than  the  object,  bcinsr  nearer  the 
optical  centre,  and  furtherraore  it  is  erect 

303.     Rays  of  heat  are  subject  to  the  same  laws  of 

roiliHlioii  and  rcfrrtction  as  rays  of  light.  When  a  beamrf 
Holar  li^lit  falb  ufton  a  convex  lens,  iherc  is  not  only  acoD- 
tuntratiou  of  light  at  the  focus,  bat  of  heat  also. 

The  heat  eoncontrated  is  so  great  as  to  inflame  combuatiblo  bodi**T 
stirh  a«  paper,  clolli,  wood,  and  the  like.  In  the  case  of  large  lense*? 
iljrt  Uviii  becornos  Riifricicntl)-  powerful  to  fuse  metals.  This  property 
cif  Irnw'H  liaH  b*^cn  \i»cd  to  procuro  fire;  the  lens  in  this  case  is  caUfi* 
ti  hftrmrtg'itlasx.  Lenses  carelessly  exposed  may  sometimes  CRtt»* 
dnnj^iMOUs  rosults,  by  settin^i^  fire  to  inflammable  materials,  Tbw 
o(Tcct  may  rouult  from  spherical  vessels  of  glass  filled  with  water^^ 
wbioh  pcMssofis  all  the  properties  of  lenses.  H 

Do  oeiKMivo  tuni«»  mftunlfy  or  (lltnlnb"h  otjoctaf    {303.)  How  ure  rmya  olliei* 


eropBea  11  le  meritlmn,  the  rays  are  concentrated  wpon  the  vent,  Bnd 
^^  the  gim  has  been  loaded  and  primed  belbrehatid,  it  will  he  die- 
charged  at  midday, 

^^  Xifht^liQiisea. 

3M.  LiGiiT-nopSES  are  towers,  erected  along  the  coast, 
*^J>on  tlie  tops  of  which  are  lanterna,  Tliese  lanterns  are 
Hglitcd  at  night  as  guides  to  mariners. 

One  of  tho  most  famous  light-honseB  of  antiquity  was  that  on  tl  e 
'ittic  Island  oH  Pkarof;.  near  Alexandria,  in  Esypt.  From  the  Ipcn- 
^ioti  of  this  licht-houpe  the  French  derive  the  name  pharo^  which 
they  apply  to  all  light-house».  In  former  times  light-house*  were 
illuminated  by  firea  built  with  wood,  coal,  or  some  hi tu miaous  sub* 
stances. 

Beplaiti  Fiff^  900.    (304.)  Wbat  ts  a  tiglit-lioufie  f    Giti  an  account  qf  th6  an^ 


303 


porcriAB  PHTSics* 


Tbe«e  methods  of  illumination  were  aAerwards  replaced  | 
lamps  placed  in  l\m  foci  of  concave  reflectors,  which  serv^ed  i 
oentraie   the   rays,  and   thas  to   heighten  their  iJtummating  « 
Bui  Ihe  refloctors,  bein^  made  of  metaJ,   were  sooa  tarauihed,  i 
the  light  aSbrdeil  bc5oame  feeble. 

In  1822,  Fbesnel,  already  distinguished  by  his  discoTfil 
in  optics,  and  by  his  researches  on  the  wave  theory  of  U 
invented  a  new  system  of  illumination,  which  is  now  1 
adopted  in  all  civilized  countries. 


Fig.  a)L 


Fig.  2<va. 


Abiiiidoiiing  the  re  abactors,  wliieh  beciitne  tarnished  by  the  iniiiieB* 
of  sea  fogH,  he  BubiLituied  for  them  plano-convex  lenses,  in  ^^ 
priucipal  foci  of  which  he  placed  powerful  lamps  with  four  co^* 
centric  wicks,  each  of  which,  for  the  quaiiliiy  of  oil  consume<i,  a^ 
the  amount  of  li^bt  given  out,  was  found  to  bcj  equivalent  to  seven- 
teen cancel -lamps.  The  difliculty  of  constructing  large  plano-coiivf* 
lenses,  together  with  their  great  absorption  of  light,  led  finally  to  iti* 
adopti&fi  of  a  particular  system  oi  lenses,  known  aa  echelon  lenses, 

These  lenses  will  be  understCKid  by  examming  Fig*.  201  and  203 


^Bpiain  ih»  prindpU  c/  r^Ucton,    WhfX  modification  ^id  Fewitil  Uitrodiie* 


I 
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POPTUkE    PSTOIOBL 


Beiido«  Ltiii  retr^iing  systoin,  aeTomi  rallies  of  reflect! 
ao  disposed  as  to  reflecl  such  li^ht  as  would  otherwiso  be  1 
iiKsreaae  the  beam  of  light  formed  by  refraction. 

By  LhU  double  oambination,  an  immense  beam  of  light  is  I 
which  renders  the  light  visible  for  fifteen  or  twenty  leni"^ 
beam  is  only  visible  in  a  single  direction.     To  remi*^ 
RESHKL  united  eight  syslcms  similar  to  that  jusi  de^ 

mbi nation  presents  the  appearance  of  a  pyramid  of  ^ 
ten  feet  in  lii?ii»ht. 

Fig.  203  represents  a  section  of  the  lantern  of  a  ]ight-hmm<!ft| 
first  order,  wKich    was  rctufilJy  constructed  by  M,  SAPTTMyi 
exhibited  at  the  great  ''  Univerant  ExpOKJUon ''  of  France^  m  1*JJ 

In  order  to  illuminate  all  points  of  tlio  horizon,  the  Fj-siem  is  mti 
to  revolve  on   a   vertical  axis  by  clock- work.     The  clocfc-wjrk  ( 
f^hown  at  M  in  the  figure,  and  the  weight  at  P.     To  prevent  frioiJI 
the  syBtem  turns  upon  six  wheels,  or  rollers^  shown  in  the  fi^ttre  ^> 
the  left  of  M. 

In  consequence  of  this  rotation  an  observer  at  any  point  will  m<^ 
cii*tit  flashes  of  light^uring  one  revolution,  vi-hich  are  fol lowed  b 
as  many  iFitcrvab  of  darkness,  called  eclipses.  By  suitably  rcgrtlaltiii; 
Uie  number  of  revolutions  in  any  given  time,  different  light-ljoasei 
in  ay  be  distinguished  from  each  other. 

r  v.— DECOMPOCITION    OF     LIGHT.— COLORS    OF   BODIS*- 

Solar  Spectrum. 

aos.     II  a  beam  of  snnliglit  pass  through  a  prism,  Hi 

bout  from  its  amrm  niul  at  the  sibine  time  is  spi-ead  oaf 
into  a  briilianily  colored  band,  called  the  solar  specirun^* 
The  spreading  of  the  rays  is  called  diS2)ersion  ;  it  is  vmm 
by  iineqoal  refraiigibility  of  the  different  colored  raVS- 
Tlie  aiiorular  dispersion  of  rays  is  different  fur  differi^iit 


media. 


Hoitf  far  ig  a  Frbsnel  liffht  vtsiblef  How  ajx  ail  }Ktinfjt  nf  the  horizwi  U^fi 
naUaf  MxpiidnfimiUsmdedipma.  c3Ua,>  Wlmt  ii  the  eoJar  spectrum  If  Wll 
Is  dlfpertlou. 


UKCOMPOaiTlOhT   OF   LliiUT    AKD    COLOR* 


:ni 


letliod  of  forming  a  spectrum  is  ehown  in  tlie  fipuro.  The 
(ll^bt  that  enters  a  hole  in  tlie  shutter  falls  on  a  prism  whose 
ig  edg&  is  turned  downward  ;  tlio  whole  beam  is  \>cnt  up- 
id  at  tlie  eame  time  its  elements  are  dispersed  eo  as  to  iorm 
^gated  epectruni  seen  on  the  screen. 


I  spectrum  consists  of  almost  an  infinite  number  of  rnys  of 
$kt  tints,  hut  it  is  customary  to  coiusider  onlj  seven  princj]ml 
L  These,  in  the  order  of  refrangibility,  are  as  followe  :  1",  red, 
J^*,  orange t  at  <>;  U^  yellow,  viXy;  4^  green ^  atj^  ;  5%  Uite,  at  h; 
figo,  at  i  ;  and  7",  violet,  at  'g, 

tdes  the  colored  portiona  of  the  eolar  spectrumj  there  is  an  in- 
p  portion  below  the  red,  where  the  heot  ji^  greater  than  anj- 
^  else,  and  another  jmrtinn  above  the  violet,  where  the  chemical 

is  greater  tlian  anywliero  else.     The  corresponding-  rays  are 

hmt  rays  and  OL'tinic  or  ch£mkal  raps. 

the  colors  in  order  qf  re/rangibiliiy.    Whai  axe  beat  rays  f    Chemlcoi  or 


If  (he  color*  in  ord 


i 
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If  a  colored  ray  of  the  spectrum  pass  through  a  hole  in  a  Bcawea, 
and  tlien  fiill  on  a  st^^ond  prism,  it  13  deviated  as  before,  but  tliereis 
no  further  chtinge  of  color  ;  hence,  the  colors  of  the  spectrum  »re 
said  to  he  ttimple. 

The  wavi:  lengths  coiTespondhig  to  different  colored  rays  hav* 
been  measured,  iind  it  is  found  thut  for  red  rays  it  is  about  tlteffffiH 
thousand fh  purt  of  an  iVicA,  and  for  vicilet  rays  it  is  no  more  than 
t/w  airty  ihimmniUh  part  of  an  iiick.  For  the  invisible  rays  of  beat 
the  wave  length  is  greater  than  it  is  for  red  light ;  for  the  invifllWe 
actinic  rays  the  wave  length  is  less  than  it  ia  for  violet  light.  The 
phenomena  of  cKspei'sion  indicate  that  shorter  waves  are  more 
i-etarded  than  longer  ones  in  passing  through  a  medium  ;  hence,  tlie 
rays  near  tiie  heat  end  of  the  spectrum  are  leaM  refracted ^  and  th'^ 
neaj'  the  actinic  end  are  moat  refracted 

Vohr  in  liglit  corresponds  to  pitch  in  sound.  The  colors  new  tliC 
heat  end  of  the  spectrum  correspond  to  tlie  graver  soimda,  and  tliose 
near  the  actinic  end  to  the  moi-e  acute  sounds.  The  raj^t  of  vkiblt^ 
colors  is  .p«i*er  than  that  of  audible  sounds.  The  range  of  vi&iljl*' 
colors  is  scarcely  &ns  octavo,  tliat  of  audible  sounds  10  moi^e  tliaa  6f» 
octaves. 


&  lamoi 


Praunhofer'a  Lines, — The  Spectroscope. 

306,  The  eolar  gpectriim  is  not  continuous ;  rays  cor- 
responding to  certain  degrees  of  refraiigibility  are  wanting^ 
hence,  it  is  crossed  at  intenala  hy  dark  lines.  These  ^ 
Been  to  best  ridvantage  in  a  spectrum  formed  by  passing  * 
beam  of  sunlight  through  a  narrow  slit,  and  tlieti  tleconi- 
posing  it  by  a  prism  whose  edges  are  parallel  to  tlie  sli- 
Tlie  prism  should  be  of  flint  glass  and  free  from  flaws. 

The  dark  lines  of  the  solar  spectrum  were  notice*!  "^ 
WoLLASTON  as  early  as  1802,  but  they  were  first  stuJi^*! 
and  mapped  by  Fratmbofer  in  1814;  from  that  fact  they 
have  been  called  Fraunhofer^s  lilies, 

Fraunhofer^s  chart  contains  between  five  and  six  hundred  lto«« 
irreijulady  distribTited.   In  it  the  most  prominent  lineg  are  design**" 

^^itthtwamkngthofrtdf    OfvioUir    Whai  rdalUm  U  th^  btittm^ 
*^r    (306.)  What  are  Fraqjihofer^e line© ? 
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find  these  seiTe  as  points  of  conipariBcin  lo  whicli  others  may 
a.  The  line  marked  A  is  at  thf  begimiiiig,  and  B  is  nciir 
leof  the  red  space ;  C  is  a  well-marked  line  near  the  boimd- 
e  red  and  orange;  D  cemsista  of  two  strong  lines  closii 
IE  the  orange;  it'consisla  of  brt>Ml  linei*  in  the  green » the 
one  being  the  strongest ;  F,  f?,  and  iZ,  are  well-marked  linej*, 
in  the  blue,  G  in  tlie  indigo,  and  //  in  \lm  violet.  Between 
Bk^  band  of  lines  named  a,  and  between  J?  and  F  are  t}\roo 
JlDes  called  6,  the  two  farthest  trom  E  heing  close  togcUier. 
niiofer  counted  nine  lines  between  il  and  C ;  ikirty  between 
D;  eiyht^'four  between  D  and  E;  siSiHity-jim  between  i:*^and 
hundred  and  eighty -Jii^  between  Fnnd  Q  ;  and  one  hundred 
Itieiy  between  0  and  //.  Hecent  observationiii  have  increased 
Uml»er  of  dark  lines  till  they  are  now  counted  by  tlioiisands. 
lunhofer  found  the  spectra  of  the  fixed  stars  lij  be  crossed  by 
lines,  but  the  lint*  are  diaireiilly  arranged  in  the  different 
jLnd  in  none  are  they  arranged  as  in  the  solar  spectrum, 
tly  the  range  of  ol>servation  has  been  vastly  increased,  and  on 
results  of  these  examinations  a  new  brancii  of  science  has  been 
ided»  called  ftpeelrmn  mmlysvi. 

Ithe  lostniment  used  for  fornuog  and  examining  the 
eetra  of  bodies  is  called  a  specfroscope.  It  usnallj  con- 
jia  of  three  piivts :  a  coUimalory  a  irain  of  prisms^  and  a 
mope. 

The  eoUim<Uor  is  used  to  form  a  thin  beam  of  parallel  rays,  and 
ififlts  of  a  narrow"  slit  and  a  double  convex  lens ;  the  slit  is  formed 
Qjaws  of  metal  that  can  be  moved  to  and  from  each  oiher^  so 
give  as  narrow  an  opf^ning  as  may  be  desired ;  the  lens  ii* 
d  the  slit,  and  at  a  distance  Irom  it  equal  to  its  principal  focal 
ice ;  bence,  it  renders  the  rays  tliat  pass  throngh  it  parallel  to 
other.  The  train  ofpri^uia  serves  to  disperse  the  light ;  it  con- 
of  any  number  of  prisms  having  Uicir  edges  parallel  to  the  slii, 
BO  placed  that  the  light  shall  pass  throngh  t'lem  all  in  succes- 
The  telescope  is  used  to  view  the  spectrum  fonned,  and  ti 
lally  provided  with  a  micrometer  for  measuring  the  distances 
peen  the  lines  of  the  spectrnm  ;  it  admits  of  a  certain  amount  of 
plar  motion,  so  that  it  can  be  made  to  embrace  in  succession 
part  of  the  spectrum. 


4 


the  po>4tUmjt  qf'  the  principal  Une*  of  tha  tfclar  tpecirum.    What  In  a  j 
f     Of  how  many  pans  ii  it  composed?    I>e*eribe  the  coUinvator,  i 

14 
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8p«ctnun  A&AlTftis,— Bxplanation  of  Frannbcfer'i  LIiml 


\ 

^^H    Mt.     Metals  and  their  compounds  impart  eba 
^'eolors  to  flames;  thus,  sodium  and  its  eompoandM 
a  yellow  color  to  a  Bunsen  burner;    the  compouDti«< 
c'uppc^r  render  it  green,  the  compounds  of  zinc  muluf  i 
purple,   and  the   compounds  of  etrontian   give  it  » 
color.     These  oolora  are  due  to  the  vapors  of  tho 
ftponding  substances,  and  are  i>ecnliar  to  those  vapors, 
tiieftu  or  any  other  incandescent  vapors  he  examiut-d  wid 
the  spectroscope,  tlieir  spectra  are  found  to  consist 
bright  bands,  each   corresponding  to  a  definite  degree* 
refraagihOitj%     The  number,  color,  and   position  of 
hands  in  e^-ery  case  are  perfectlj  characteristic,  and  alwjijj 
serve  to  identify  the  body  producing  the  gpectrura.    Thl 
mode  of  determining   the   presence  of    bodies  is  cullei 
spectrum  analysis. 

ir  two  or  more  metalfi  be  vaporized  in  the  flame  at  the  same  liffl«» 
th«  bfiDcla  peculiar  to  €iidi  are  formed  as  though  the  uthei'9  ^lid  t>»^ 
exist.  If  a  mineral  BiibBtance  containing  e:i any  different  meUU  ^' 
volatilized  the  j^pectrum  will  show  the  bands  chanirterislic  of  cfli'li- 
Bnnsen  and  KircholT  discovered  tiie  new  metals  Rubidium  an^l  t^' 
Bhim,  by  means  of  bands  sliown  b)^  the  spectroscope,  which  diffef»t 
lb>m  those  of  all  the  metals  previously  known,  and  in  like  inann^ 
Mr.  Crookcs  tUacovewd  the  new  metal  Thallium . 

Tbe  method  of  spectnmi  analysis  is  exceedingly  <lelicate ;  the  pW" 
enre  of  the  minutest  portion  of  any  subslanee  in  the  form  of  Incfl"' 
descent  vapor  is  instsmlly  made  manifcat  by  its  clmracteinfltic  lines  In 
the  spectrum. 

It  liaa  been  8hown  that  an  incandescent  solid  or  hqo^" 
gives  a  continuoiiH  Sfiectriim.  If  light  from  such  a  source' 
be  transmitted  tl)roiTgh  the  vapors  of  any  substances,  ani 
then  examined  with  the  spectroscope,  the  resulting 


a 


(80T  )  What  i«  ppoctram  Analjeift?    Ohaniotcr  of  the  ppectrnm  or  l_ 
(iu««cvm  v«|M)r.    £xpttln  tbo  actloa  of  e(»diDiii,  ooppcr,  sine,  ^ud  itrontiinl 
nnmo  Ufa  Eunftuo  bani«r. 


will  be  crossed  by  dark  lines  having  the  same  position 
iie  bright  lines  belonging  to  the  spectra  of  the  vupora, 
loe,  it  appears  that  every  body  in  a  state  of  vapor  is 
[ue  to  the  class  of  rays  that  it  emits  when  rendered 
descent. 
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ha  priociple  just  elucidated  has  been  applied  to  explain  ihc  dar 
of  die  solar  spectium.    It  is  suppust^d  Umi  ibe  luxiy  ui  the  sun 
n  incandescent  soUd,  or  perhaps  a  glo^iug  Uquid,  and  conse- 
ntly  lliat  it  emits  ^vliiie  liglit.     It  is  lurUier  suppna<?d  that  the 
ly  of  die  Sim  is  sunoundtit  by  a  hiyer  of  gaseous  matter  contain*  ^ 
Topors  uf  various  substances,  inc^Uuliug  many  of  the  knowi 
k     This  envelope,  ended  Ibo  pholospbore,  being  at  a  lower  I 
Iperature  than  the  nucleus,  is  in  a  condilkui  to  abs<n  b  the  very  j 
that  ii  would  itself  emit,  if  it  werti  incamiescent.     The  absorbed  J 
tniKsing  rays  form  the  dark  lines  r>f  tlie  speclnim.     Were  the  nen- 
nucleus  abolisheil,  the  auhu-  spectrum  would  be  transformed  inloj 
5rstLm  of  brilliant  bands.     These  would  ctnTespood  to  die  bandi 
ft  spectrum  given  by  a  flame  charged  by  metalbc  vapors.    The 
|puid  constitute  Ibe  spectiTun  of  the  solar  phoujtipbere. 
pile  following  metala  have  been  shown  to  exist  in  the  photospben 
9 We  Bun  :  viz.,  wdium^  ealcium,  barium,  mmjnedum^  mm,  ehnmiiumA 
ticM,  copper^  zinc,  gtnfntium,  cmUiim^  cobalt,  hydrogen i  matmumse:,^ 
^minum^  and  Utanium — sixteen  in  alb 

l^he  spectra  of  the  fixed  stars  indicate  that  those  bodies  are  simb 
^1*  in  constitution  to  onr  sim,  but  the  number  and  position  of  tlie 
'^k  lines  show  that  tlieir  photosipberes  do  not  contain  the  samd 
-'pinenta  that  are  found  in  our  own  luminary. 

It  has  lon^  been  known  that  the  sun  is  surrounded  during  the 
iine  of  a  tolal  eclipse  by  a  great  number  of  irregular  ro.sc-colored  pro 
bemnees.     Theso  have  been  abo'wn  by  spectruui  analysis  to  con- 
fer the  most  part,  of  incandescent  hydrogen ;  with  it  are  mixed 
fB  of  sodium  and  magnesium.     The  protuberances  form  part 
irreiiubtr  envelope  aunounding  the  entire  body  fjf  the  sun,  and 
\g   outside  of  its  photosphere.     This  layer  constitutes  what  has 
named  the  cbromo&pherc,  and  within  a  few  years  a  metliod  baa 


1]fit  lt»  the  chiincter  of  the  upcctrom  of  an  mcftnde&cent  wilid?  Action  on 
fbl  trfti) emitted  Ihrougb  a  vapor.  Explanation  of  Fntunhtif'ef'i  lines.  What  is 
mmntitifntioncftht  mnf  What  wtt^al»  haw  h^en  detectfd  in  tlie  sunf  Wh&l  to 
mmfntta^lioit  of  the  fixtd  ftarit?    DeMride  the  cAfonwwpAere. 
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beeo  discQTered  for  olisefTiDg  its  spectrum  without  ^he 
wttiting  for  a  total  ^Upoe. 

H«at  Rays  and  Actinic  lUjm. 

aOYd,  The  seven  rays  eoumeratea  differ  in  ill 
power,  the  middle  rays  being   those    which 
greiii^^st  illuminating  power     That  is,  the  most 
illtiniiuiitiiig  nivs  lie  midway  between  tlie  heat  my 
actinic  nivs, 

jr  a  Uiermometer  be  held  for  a  time  in  the  dtfl 
beginning  at  the  Tiolet,  it  will  show  an  increase  of  I 
it  conies  outside  of  the  red  rays,  where  It  is 

The  actinic  rays  are  those  that  produce  el  -  im^ 

If  a  strip  of  paper,  prepared  with  nitrate  of  silver^  he  ^ 
in  the  spectrum,  it  will  1k»  least  changed  in  the  red,  i 
jmssing  towai-ds  the  violet  end,  this  oluinge  will  in 
till  it  becomes  the  greatest  beyond  the  violent 

Recomposition  of  Ught 

308,  The  colors  of  the  spectrum  may 
to  produce  white  light 

1.  If  it  he  acted  on  by  a  second  prism  exactly  like  the 
first,  with  its  refracting  edge  turned  in  the  opposite  direc- 
tion, it  will  be  reconi posed  and  will  emerge  as  white  ligi't» 

This  amounts  to  nothing  more  than  pn&siDg  light  through  a  me«li 
nm  bouudtjd  liy  parallel  platie  fiices. 

2.  If  it  be  received  on  a  double  convex  lens,  as  shown 
Figure  '206,,  it  will  be  reconiposed  and  an  image  will 
formed  free  from  color. 

The  manner  of  performing  lliis  experiment  is  shown  in  Fig.  ^' 

OOtfl  >  Which  are  the  mo*t  ^llcmlnailnjr  my**  ?  How  H  their  betting  po*"' 
WMt  ore  ncUiik  ray*?  Which  pradtic«  I  he  (jreatent  chcrmteal  effect  t  5"* 
s'Uowii?  raOft.)  May  the  rayi*  of  the  ppcctram  be  rviiiiltcd!  Fiirt  i»cll»'^ 
Secoud  method. 


t 


Fig.  soe 

If  the  decomposed  light  be  received  upon  a  concave 
or,  it  will  ill  like  manner  be  recomposed  and  a  colorless 
tage  produced, 

4.  If  a  circular  disk  of  card-board  be  painted  as  shown  in 
ig.  207,  in  sectors,  the  colors  being  distributed  according 

intensity  and  tint,  as  in  Jie  spectrnm,  it  will  be  found  on 
bating  the  disk  rapid !y  Ijy  a  piece  of  inecljunisni  shown  in 

g,  208,  that  the  separate  colors  blend  into  a  single  one, 

licb  is  a  grayish  w^hite. 

The  color  from  nny  sector  produces  npon   ihe  eye  an  impressiori 


Thi rcl  method  f    Fourth  roethod  f 


Ihoi  InjttR  for  an  nppredable  length  of  time.     In  the  experiment,  tin 
rotmbn  is  so  rftpid  that  the  impressions  from  all  of  the  colors  coexl 
at  Ihe  name  inMaut,  and  the  effect  is  Ihe  fsame  aa  though  fhfi  color 

Thnt  ihe  impression  prcwlueed  by  light  lasts  for  an  appreciable 
fena(h  of  tim(^,  may  be  shown  by  whirling  a  lighted  stick  round  iii  a 
circle;  it  will  present  the  appenrance  of  a  oontinuoiis  circle  of  fire. 

Color  of  .Opaquo  Bodies. 

30(».  The  color  of  a  body  may  be  tmnporary  or  pemOf 
rtrtit.  Teiniiuniry  colors  nn?ie  from  some  modification  of 
^ig^it,  of  u  transient  character.  ^| 

Ifmti  tTo4«  U  appear  that  thA  itnprettftio^  ♦/  tstior  IftwU  J^r  a  tkm-i  timtt   J^*» 
*^if  «  &«  «hewn  t    i  300.)  From  what  doe*  the  color  of  a  bodj  nrtMf 


as^  by  refraction,  certain  drops  of  water  in  the  air  are  ooloredf 
icing  the  rainbow :  the  color  of  these  drops  is  due  u>  their 
DO  with  respect  to  the  eye  and  the  sun.  The  colors  of  soap- 
le»  are  dependent  upon  interference,  a  principle  not  yet  ei 
led,  and  are  transitory. 

|e  colors  of  finely-grooved  surfaces  are  due  to  interference.  These 
$  are  independent  of  the  physical  constitution  of  the  body,  and 

Eld  solely  upon  the  fineness  and  shape  of  tho  grooves, 
e  play  of  colors  upon  mother-o^pear!  i^  due  lo  fine  grooves  oi 
k  as  may  be  shown  by  taking  an  irnpreasion  of  a  piece  of  it  in 
p  wax  ;  the,  colors  of  ibe  wax^  thus  prepared ^  are  entirely 
l^cms  with  those  of  the  mother-of-pearl,  from  w^hich  the  im- 
lon  was  taken. 

Jill  respect  to  the  permanent  colors  of  bodies,  v&tiotiB 
bns  have  been  held.  Newton  conceived  that  bodies 
the  power  of  absorbing  some  of  the  ray  a  of  the  spectrum 
reflecting  the  remainder.  According  to  this  theory,  the 
r  of  a  body  would  be  that  arising  from  a  mixture  of  the 
Kted  rays.  Thus^  vermilion  was  supposed  to  have  the 
!T  of  reflecting  the  red  myB  only,  whilst  all  of  the 
Ta  were  absorb ed«  All  bodies  placed  in  a  red  light 
Br  red,  in  a  blue  light,  blue,  and  ao  on  for  other  colors. 
ItAGO  was  of  the  opinion  that  the  colors  of  bodies  arose 
I  light  admitted  into  the  body  and  then  emitted  again, 
srgoing  certain  tnodifi cations.  Color  would,  according 
US  theory,  depend  upon  the  molecular  condition  of  the 
f.  According  to  this  view,  color  is  a  modification  of 
^,  entirely  analogous  to  that  modification  of  sound  which 
)aU  the  tone. 

lAGo's  theory  was  based  npon  a  dijerence  of  property  between 
)ied  and  refracled  light.  On  exammin^  the  colors  of  opaque 
Ni,  he  found  that  the  light  agreed  with  that  which  had  been 
cted;  rather  than  with  that  which  liad  been  reflecied. 

fiaki  Umporary  colore  l»  cci«  c/  r€iin-4rifp%.  Of  ffroovtd  w^em.  Of 
^'4^'P€arl.  What  Is  KxwtO!«'b  tbeorj  of  eolDn  of  bodlu?  Wliftt  ta  AKAQo't 
|r  T    On  what  vma  Aiuao'a  theory  bin^d  f 


^ 
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Oolors  of  Transparmt  BocUm* 

StO*     AH  transparent  bodies  absorb  more  or  ]cmi 
light    which   enters   them,  and   if  safficientlv  thick,  i 
njfpear  colored.     Their  45olor  is  due  to  that  part  of  ihel 
IV Inch  is  transmitted. 

U'^  for  exfttDple,  ail  of  the  solar  rajra  except  the  red  ones  | 
■orbod  hf  m  medium,  tt  will  appear  red  by  tranimitted  1i|:bt 
when  iieeii  iij  aiaa*e«  by  transmitted  light,  appears  of  a  grectufeb  h«fc 
A*r  npi»car&  blue;  hence  the  cobr  of  the  &ky.  As  we  aiiccmfcil 
mnhn  »bove  o»  becomes  amaller  and  )o«es  its  blue  tint.  U  ifl  prtiWj 
tile  that  the  bluish  tint  of  the  heavens  i»  also  in  a  meafiore  doo  t 
reflection  from  iho  aerial  moleeules.  At  sunrise  and  sansct,  lb 
mys  of  the  sun  have  to  traverse  a  great  body  of  the  atmoflpb<?n 
which  absorbft  muBt  of  the  mys  except  the  red  oneK*  Heiieeiiii 
that  the  aim  appears  rod  at  sunrise  and  sunjHft, 

CTomplementary  Ooloca. 

811.  Ksw-fON  calls  two  colors  eomplementtm/j  when  by 
their  toixlure  they  produce  white. 

U*  all  the  rays  of  the  spectrum  except  the  red  f>nes  be 
rec^niposed  by  a  convex  lena,  a  blnish-green  color  will 
result ;  hence,  red  and  green  are  complementary.  In  lik« 
manner,  it  muy  be  shown  that  blue  and  orange  are  com- 
plementary, as  are  also  violet  and  yellow. 


com-    I 


Accidental  Images^  —  Accidental  Fzingea. 

dl!l.     A  curious  ef^et  of  color  upon  the  eye  is  manifest  in  tli* 
production  of  what  arc  called  accidental  images. 

If  a  wafer  upon  a  black  ground  be  viewed  intently  for  some  tinWH 
until   the  ncrvo  of  the  cyo  becomes  fatigued,  and  fhe  eye  bo  lb 
directed   to  a  fihoet  of  white  papcr^  an  image  of  the  wafer  will! 
seen  upon  the  paper,  whose  color  ia  eomplementapy  to  that  of  < 


(  S 1 0.)  Trt  Willi  Ik  the  color  of  tmaapiiretit  IradiM  due  T    lUudrHO^  If  ^ ^ 

(ail  )  Whnt  «r«  complementary  C'>!,»r9?  What  In  tV  comtdem^nt  of  r««1f '" 
trtmnf  Of  blue  I  Ofomnzof  (  B12-)  WhaiU  an  avddentaiimafffit  lUt^tfi 
nAati^th^  i}a««i  o/ accidental  images  f 
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Thus,  if  the  wafer  is  red,  the  image  will  be  green;  if  the 
br  IE  orange,  the  image  will  bn  blue,  and  so  on.     These  images 

ailed  accidental. 

f  the  siting  8un,  which  is  red^  be  viewed  for  some  time,  and  then 

tyee  be  directed  to  a  while  wall,  a  green  imago  of  the  sun  will 

en,  which  will   last  for  some  instantSj  when  a  red  imago  will 

isar ;  a  second  green  itnage  tiucccedn  it,  and  so  on  till  the  effei  t 

ely  cea&cs. 

f  we  look  for  some  time  at  a  colored  ohjeet  on  a  white  ground, 

'  shall  finally  observe  the  obj+^ct  surrounded  by  a  fringe,  whoso 

pr  IB  cortrplementary  to  (hnt  of  the  body;  thua,  if  a  red  wafer  bo 

i  upon  a  sheet  ol  white  paper,  the  fringe  will  be  green.     Such 

^ges  are  called  accidentai 

phadows  cjist  upcai  a  wall  hy  ihe  rising  or  setting  sua,  are  tinged 
ft,  the  tmt  yf  the  sun  being  red  at  that  time, 
Twe  exuniinft  huvtral  pieces  of  eloth  of  the  giame  color,  tl»je  eye 
omes  wearied,  and  in  consequence  of  the  accidental  comple- 
*»omary  color  being  formed^  the  last  pieces  examined  appear  of  a 
^xfiereut  shade  from  tliose  first  viewed, 

tMany  of  the  pheuomena  of  color  may  be  explained  by 
e  piinciple  of  interference  of  light 
If  a  molecule  of  ether  be  acted  on  by  a  wave  of  li|;h(,  it  will  take 
t  vibratory  motion  at  right  angles  to  the  direction  of  propaga- 
^on.  If  it  be  acted  on  simultaneously  hy  two  waves,  i'3  motion 
^i!l  be  the  resultant  of  the  motions  it  would  receive  from  each  acting 
Jj^parately,  If,  therefore,  the  waves  are  in  tlie  same  phase  (Art  147), 
molecule  will  have  its  amplitude  of  vibration  doubled;  if  they 
»in  opposite  phases,  they  will  neutralize  each  other  aud  the  mole- 
will  remain  at  rest.  Thig  action  of  one  system  of  waves  on 
her  is  called  ititerfereme. 
fhe  brilliant  colors  of  a  soap  bubble  are  due  to  tlie  Interference  of 
two  sets  of  raya  that  are  reflected  from  the  outer  and  inner  sur- 
\  of  the  film  that  constitutes  the  huhble. 
the  colors  of  thin  plateaj  like  the  film  of  oil  on  water,  the  splendid 
k)oloi^  of  the  skimmings  of  melted  lead,  the  iridescent  displays  of 
clured  cryatals,  and  the  like,  are  all  due  if)  Interference  of  light 


ytaitt  tJu  ^ect  qf  gazing  cU  th$  MtHng  «u^.  At  a  colored  ot^e^U  on  (i  whitd 
nd.  Explain,  the  pherwmenon  qf  inimf trend  qf  HghU  What  are  tome  qf  tM 
p  qf  color  from  inier/eretice  F 


worvuat, 


SIS,  The  Raikbow  is  a  brilliaii<lj  colored  arc 
iifler  a  shower  oppo«it4^  the  sun- 

The  colors  being  disposed  in  the  same  oruerasmf 
■olar  ei^ctruiii!,  woald  indicate  that  the  bow  ia  Jot  J 
refniction.  Snch  is  shown  to  be  the  case.  Fig 
fthows  the  eonrse  of  the  rays  in  the  formation  of  a  i 
I'he  rays  of  light  coming  from  the  Ban,  jS^  fsill  upon 
fipherical  ratii  drops,  enter  them,  ondergouig  refraction,! 


/^-^^ 


.^Mi 


'«^i 


Fig.  909. 


internally  reflected,  and  then  emerge,  undergoing  a  second 
re  fraction.  The  result  is  that  the  emergent  light  is  resolra 
into  tlie  seven  prisniatic  colors,  ivh:cli,  reaching  the  evefron 
tlirt'oront  drops,  give  rise  to  the  colors  that  are  observed. 

Tfie   ray  wbieh    enters   the   drop,   ff,  for  example,  aftef" 
emergence  sends  to  the  eye  a  red  ray,  whilst  that  which 
**nters  tlie  drop  <*,  sends  to  the  eye  a  violet-coIore<i  rafM 


ona 
rem 


^91^.)  Vfhnt  lull  Rainbow f 
tfefl  raj-ft,  Fig.  209. 


To  wbut  la  the  bow  dne  T    £jcpUla  Um  eoon*  ^ 
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nediate  drops  send  intermediate  colors.     Each  drop 
a  different  color  to  the  eye, 

[lalysis  shows  that  it  is  only  at  certain  aEigles  that  the  refra 

\  emerge  with  Bufficient  intensity  to  aifect  the  eye  with    colofj 
I  H  is,  that  the  colored  drops  are  arranged  symmetrically  ahaui 
»  drawnr  through   the  sun  and  the  eye  of  the  observer.     The 
\  of  the  bow  is  in  this  Hue ;  hence,  as  the  sun  declines  towarda 

bonbon,  the   bow  rif^CK  and  at  sunset  it  becomes  a  semicircle. 

okttig  down  into  spray  with  the  haek  turned  towards  the  sun, 

nplete  circular  bow  may  bo  eeeti. 

le  bow  that  we  have  descnbed  is  called  the  pnmar^ 
K  and  the  colors  in  it  are  arranged  in  the  order  of  the 

aatic  colors,  the  red  being  on  the  outside. 
Another  bow  is  generally  seen,  concentric  with  the  primary 
Ww,  which  is  called  the  secondary  bow.  This  bow  is  formed 
l>y  light  which  enters  the  di^ps^is  first  refracted,  then 
iwice  ioternaUy  reflected,  and  then  emerges,  being  again 
Pefructed.  The  result  of  this  deviation  is  a  bow  similar  to 
h^  firsts  bat  having  its  colors  arranged  in  a  reverse  order> 
te  red  being  on  the  inside* 

T*be  inversion  of  colors  arises  from  the  additiunal  reflection  that  ' 
be  light  experiences.     It  is  observed  that  the  colors  of  Ihe  secondary 
^w  are  not  so  brilliant  as  in  the   primary' ;  this    i:^  due  to  the  loss 
»f  a  portion  of  liaht^  which  passes  out  of  the  drop  at  each  incidence' 

From  the  nature  of  the  rainbow,  and  the  principle  of  its  formation' 
It  is  plain  that  every  observer  seca  a  different  bow . 


ti 


CThromatio  AlMrrmtion. 


314.     The  light  that    falls  on  a  lens  is  decomposed  into 
colored  rays  of  different  degrees  of  refrangibiUty*     These 


Brno  U  ihs  ^'Mfi  fonntd  f  Wh«r€  U  iU  emtre  f  Why  do&t  ihe  hvw  e/Hlarge  a» 
fifc»  •««  detiin^  f  JJmp  may  a  compUU  circular  bow  be  «««*  /  What  Is  n  prtnuuy 
bow  t  A  ftccondaiy  bow  ?  How  h  It  formod  f  Why  are  th-t^  ea!ors  in  the  9fcond4iry 
ftffw  rmftr*«d  in  or^fer  f  Bow  dn  the  colorfi  in  the  two  Imm  compart  in  briUiancy  f 
Dou  sack  ob9«rver  u€  tt*  tame  howf  Whp  %oif  (314.)  What  li  fhTomAlto 
ibemtloEi  * 

14* 
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Tays  are  brought  to  different  foci  along  the  axis,  giving  rise 
to  a  multitude  of  partial  images  of  diffi3rent  colors,  which 
hy  superposition  produce  a  single  image  slightly  indistinct, 
and  fringed  with  :dl  the  culors  oi'  the  spectrum.  This  scat- 
tering of  the  colored  raye  to  different  foci,  is  called  chrth 
made  aberration. 

Fig.  210  allows  tho  phenomenon  of  chromatic  aberration- 
The  red  rays  being 
lcs«  dcYiatcd  than  the 
others,  are  brought 
to  a  focus  beyond 
them  at  r,  whilst  the 
violet  raya  being 
more  refrangible 

than  the  others,  arc  brought  to  a  focus  within  them  at  », 
Between  v  and  r,  the  intermedmte  colors  are  idso  bron^tif 
to  foci. 

Aohromatio  Combmatioiis. 

315.    An  AcHRoaiATic  Combination  consists  of  two  or 
more  lenses  of  different  kinds  of  glass,  so  conetructed  b»1 
neutralize  the  effect  of  dispersion. 

The  combination  usually  consists  of  two  lenses :  n  con^^^ 
lens  made  of  crown-glass,  and  a  concave  lens 
made  of  flint-glass,  as  shown  in  Fig.  211. 
Flint-glass  disperses  light  more  than  crown 
glaas.  The  combination,  having  its  thickest 
part  at  the  middle,  is  convergent.  The  dit*- 
persion  of  the  rays  by  one  of  the  lenses  is 
exactly  neutralized  by  a  dispersion  of  them  in 
:m  opposite  way,  so  that  the  imago  is  nearly 
1 1*1  or]  ess. 

Such  combinations  of  lenses  are  called  acJiro- 
matic-,  and  are  the  ones  used  in  tlie  construction  of  telesoop 


fikJ 


ninrtnit*.    (  315.)  What  Is  «n  AdiTomntic  Combination  T  Ultutnil*.  Wktl^ 
VfinaXlj  combined  T    Eapkia  Ibflr  netioti. 
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.T. — THEORY     AND     C0N3T£CCTI0!(      OF      OPTICAL     INSTRCHEKTS. 


OptLoal  ItutEiiments. 


i  iBm    The  properties  of  mirrors  and  lenses  have  led  to 

constnictlon  of  a  great  variety  of  instruments,  which  by 

^rea^ing  the  limits  of  vision,   have  opened  to  oui*  §€ns€3 

I  new  worlds,  that  had  else  remained  unknown  to  us,  the 

I  on  account  of  its  minuteness,  and  I  he  other  on  account 

1  iraniensity. 
)f  the  optical  instnimenfcs,  the  most  useful  and  interesting 
enteroscopes,  so  cnlleil  heeause  used  to  hiveatigate  minute 
Sheets,  and  telescope.%  so  called  because  they  are  employed 
^  examine  distant  objects. 

^Besides  these  a  great  variety  of  other  instruments  have 
been  devised,  such  as  the  mr/fjic  laNtern^  the  phantfysmar 
fforicL,  the  solar  microscope^  the  camera  obscura^  and  the 
stereoscope. 

B  Tbleacopsfl. 

3 17,  A  Telescope  is  an  optical  instrument  for  viewing 
objects  at  a  distance* 

Telescopes  may  be  dividr^d  into  two  classes,  refracting 
telescopes,  and  rejleelmg  telescopes. 

In  the  first  class  a  lens,  called  the  ohject-kns,  h  employed 
to  form  an  image  ;  in  the  second  class  a  mirror  or  speculum 
is  employed  for  the  same  purpose ;  in  both  the  image 
formed  is  viewed  by  a  lens,  or  combination  of  lenses,  called 
the  eye*piece.  The  manner  of  arransfing  these  component 
parts,  toireiher  with  the  miture  of  the  auxiliary  pieces  em- 
ployed, detei-miaes  the  particular  kind  of  telescope. 


(Sl$)  What  afe  (Kimis  of  the  moat  uwfal  optical  Instrumenta*  Mentton  fouia 
«U»«r  Inatramcnts.  (  SIT)  What  Is  a  Telescope  f  llow  many  elftfises  of  teTe«cop«a 
aie  (litre  r    Wb«t  Ij  thcdlfferaae*  1>etireeA  tho  two  cl««B«t  f    Wbftt  diatermln«i  t]i« 


I 

I 


I 
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A  great  viihety  of  deiriceiB  have  been  employcid  U)  obmto  t 
defeeta  of  spherical  mnd  chromatic  aberration,  and  at  the  naeOf  ^ 
to  obtain   a  suf&cieooy  of  il lamination   lo  render  TUton  di^ 
Han^  the  variety  of  tcle«oopea  is  very  great     Only  a  ftswd^^ 
moct  imporlani  will  be  described  in  these  pasec 

^Tlie  Gkililean  Taleioopa. 

Sll.  The  Gauleax  Telescope,  named  fi^m  its  illtistft 
OII8  discoverer,  G  auleo,  consists  essentially  of  a  €oni}&s  o^^ 
(/las8^  which  collects  the  rays  from  an  object^  and  a  coft^um 
eye^pieccy  by  raeanc  of  which  the  niys  from  each  point  ot 
the  object  are  rendered  parallel,  and  capable  of  {H'oducing 
distinct  vision. 

Fig.  212  shows  the  course  of  the  rays  in  the  Galilean 
telescope.  Pencils  of  rays  from  points  of  the  object,  AB^ 
falling  upon  the  object  lens,  O,  are  converged  by  it,  and  tend 
to  form  an  image  beyond  the  eye-piece,  o.  The  concave! 
eye-piece  is  placed  so  as  to  iuteroept  the  rays  coming  irovs^ 


the  object-glass,  being  at  a  distance  from  the  image  eqaiJ 
to   ita   principal   focal   diBtance.      In    conseqnenoe   of  tbii 
arrangement,  the  pencil  of  light  coming  from  A^  is  converged  I 
by  the  object-glass,  and  falling  upon  the  eye-piece,  m 
verged  and  refracted  so  as  lo  appear  to  the  eye  to  comll 
from  a*     In  like  manner  the  pencil  from  M^  appears  to  thi 
eye  to  come  from  h. 


^^^tii  I 


What  ar*  tht  wp^dm  o^tcU  m  he  aUainnd  in  malting  a  id^to&pBf    ($184 
kOtlUeaa  TekMH»p«r    DeieTtU  It.    Explaija  the  coane  of  Uio  reji  In 
tfllctoop*. 


1 


The  image  is  erect  and  virtQal,  and  because  the  visual  angle  under 
■wliicb  the  imuge  is  neen,  is  greater  Ihan  that  under  vrhich  the  object 
Nveuld  be  Been  without  the  telescope^  it  appears  magnified. 

Opera-glasses  are  simply  Galilean  teleFoop<.'s.     Tliey  poaseas  the 
^  advantage  of  showing  objects  in  their  proper  position^  of  being  abort 
and  portablCj  and  of  being  well  illuminated, 

Tbe  Galilean  telescope  is  not  adapted  lo  a.stronomical  observation, 
Wause  the  image  formed  is  virtual ;  nevertbcles*  it  was  with  such 
M  iruitmmeiit  that  Galileo  discovered  the  salellites  of  Jupiter. 


r 


The  Afltronomioal  Telescope. 


0 


919.  The  Astronomic  Air  Telescope  consists  essentially 
of  two  convex  leoaes,  the  one,  o,  being  the  objeet-lens,  and 
the  other,  0,  the  eye-piece.  The  object-glasH  fornxs  an  in- 
verted unage  of  the  object,  which  h  We  wed  by  the  eye- 
piece. 


b 


Fig.  218. 


Jn 


^ig,  213  represents  the  course  of  the  rays  in  this  instru- 

*^nt.     A  pencil  of  rays  coming  from  A^  is  converged  by  Oy 

Br^  a  focus  a,  whilst  a  pencil  fi^om  i?,  is  brought  to  the  focus 

'      In  this  manner  the  lens  o,  forms  an  image,  ab,  of  an 

^^^jcct,  AJS,  which  image  is  real  and  inverted.     The  eye- 

K*l*ce,  O,  is  placed  at  a  distnnce  from  rth  equal  to  its  priiv- 
^J}al  focal  distance.    Tlie  pencil  coming  from  the  point s, 
^  and  b,  of  the  image,  are  refracted  so  as  to  appear  to  com© 
^^om  the  points,  c  aod  d,    Tlie  visual  angle,  that  is,  the 

42^4(7  i0  th0  image  f    Gite  an  uxontpJe  of  a  Golilean  ieleBcopt.    TfiHr  *iftf«rtfi- 
rj^^*!^    /«  the  GitlUmn  idencop^  adUipt^d  to  ftwironomical  purpoMaf    (?'»V, 
^^ lut  iB  the  AMrenomical  TelcMicope  f    EzplHiD  the  coqt66  of  ^h&  xK^ii\a.^ 


I 


angle  formed  by  I  lie  extreme  ray  a  which  enter  the  eye, 
greater  than  it  would  be  in  vie^^ing  tlae  object  without  tl 
telescope,  and  conseqitently  the  object  appears  to  be  magn 
fied. 

In  till 8,  aB  in  all  other  tdeecopea,  the  eye-piece  is  capahle  of  being 
I  uslied  in,  or  drawn  aat,  to  enable  the  observer  to  accommodate  it  to 
T  ^ar  aa  well  us  distant  oly  ^cts. 

The   object-glass   is   made    ae    krge   as    posfiiblc,   and   sliould   be 


achtomatio  (Art  315).     The  eyc-glaas  is  mad©  quiie  convex,! 
to  magnify  the  imago  formed  by  the  object-glass. 

Fig.  214  represents  an  astronomical  telescope  mounted  for  use. 
It  rests  upon  a  cast-iron  j*tand,  with  three  fectj  called  a  tripod.  The 
tripod  supports  a  Tortical  axis,  capable  of  turning  around  in  its  sup- 
ports ;  the  telescope  is  attached  to  the  top  of  this  axis  by  a  hinge 
joint.  These  arrangements  enable  the  observer  to  direct  the  telescope 
to  any  point  of  the  beavciiB.  The  tnlesnopo  may  ho  raised  or  de- 
pressed by  means  of  a  rack,  worked  by  toothed  wheels,  set  in  motion 
by  a  crank,  as  shown  at  the  bottom  of  the  fiijure. 

A  smaller  telescope  with  a  larger  field  of  view  is  attached  to  it,  to 
aid  the  observer  in  fixing  the  instrument  on  any  object.  This  teles- 
cope is  called  the  seeker. 


The  TeTreBtrial  Telescope. 

3*M.  The  Tbreestrial  TfiLESt^oPE  diflei^s  from  the  as- 
Dnomical  telescope,  in  having  two  adiittioiiul  lenses,  whiuh 
jether  constitute  what  in  called  an  erecting  piece^  The 
Sject  of  the  erecting  piece  is  to  invert  the  image  formed 
by  the  object-lens,  so  that  objects  may  appear  erect  when 
ewed  tJtroQgh  the  telescope. 


Fig.  315. 


I«*ig,  215  shows  the  course  of  the  ray  a  in  a  terrestria 
^leseope,  AB  is  the  object^  o  h  the  objeel-lens,  m  jmd  n^ 
^•^x^o  convex  lenses,  constitute  tlie  erecting  piece,  and  O  is 

1  The  erecting  piece  is  so  placed  that  the  distance  of  the 
'^"^age,  /,  shall  be  at  a  distance  from  m,  equal  to  its  prin- 
F^^pal  focal  distance 


'WhaiUmiidqfth^  obj^t*gUn(*  and  offht  Mft-pis^tf  (  3200  lo  what  respect 
^'^^k^fl  tbe  TerrwBtrlfrl  dilTor  from  the  AstTonomlcAl  Teleeoope  f  Wbat  l&  tlio  object  of 
*'^«  erectiog  pio^c  ? 


4 
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A 
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A  pencil  of  rajB  from  A^  idling  upon  tbe  ol>jeciJfl 
converged  to  a  focus  at  the  lower  end  of  the  image,  1 
pencil  proceeding  li*oni  I,  is  converted  into  a  beaaj 
lens,  m,  directed  obliquely  upwards,  whicli 
verged  to  a  focus  at  i*  In  this  manner  an  erect  | 
formed,  which  is  then  viewed  by  the  eye-pie 
eye-piece  refracts  the  pencils  coining  from  the 
as  to  make  them  appear  to  come  from  ab, 

Ttie  angle,  nnder  which  ab  is  seen,  is  the 
and  being  greater  than  the  angle   under  whiciij 
be  seen  without  the  telescope,  the  object  is  mskg 

The  number  of  times  which  the  visual  aogle  of  thfi 
contains  the  visual  angle  of  the  obj^st,  is  the  magi 
power  of  the  telescope. 

The  terrestrial  telescope  is  used  at  sea  and  on  land  for 
objects  at  a  distance.  It  may,  for  convenience,  be  tnoante^ 
sumo  way  as  the  astroaoinical  telescope  shown  in  Fig. 


Rsfleotinjf  Telescopes. 

S91.     A  Reflbcting  Tklkscopk  is   one  in 
image  of  a  distant  object  is  formed  by  means  of  li  rt 
or  speculum,  which  image  ib  then  viewed  by  an  eji 
The  eye-piece  is  either  a  single  lens  or  a  coml 

lenses. 

One  of  tlie  ^mt  telescopes  of  this  descriptioiT 
Btructed  by  Kewton,  and  this  is  the  only  one 
which  we  sliall  describe  in  detail. 

Kewtonian  Telescope. 


I 

n  ey4 
ne  of  1^ 


329.  Fig*  216  shows  a  Newtoioan  TklescofH, J 
striicted  by  M.  Froment,  of  Paris,  with  improvem^ 
troduced  by  that  distinguished  physicist. 


iaSi 


BcBcrlbo  the  coarae  of  tia  TuyR  ia  the  terrttfltilAl  telencopr.    WliRt  U  f 
power  I     Wh<it  is  tAd  ute  of  the  Urrtidrial  teUncop*  f    {  »S|  1,)  Wlmt  Is  S 
telescope  f    ( aa  a . )  D«crl!)«  tho  If « wtoal wi  Toleacojw, 


Fig.  9i&. 

217  shows  the  same  teleseope  in  section,  and  indi 
le  course  of  the  rays  of  light. 
a  concave  mirror  placed  at  the  bottom  of  a  long 
This  reflector  tends  to  form  n  small  image  of  an 
at  the  other  end  of  the  tnhe.  But  before  the  rays 
he  image,  they  nre  interecptod  by  a  prism  of  glass, 
arranged  that  the  rays  enter  its  first  face  without 


8S2 


POPTLAK 


deviation,  and  strike  iu  seoood  laoe  so  as  to  be  totaAfl 
fleeted,  which  eauaes  the  image  to  be  Ibnned  at  lA 
tmage  thua  formed  h  wiefwed  by  no  tye-piece 


m3«  of  the  telescope*     The  eye-piece  in   this  telej^cope  ill 
niHili!  (jf  I  wo  plimO'Corivex   lenses,  as   shown  in  the  figure," 
thf}  oombuied  efiect  of  which  is  to  cflose  the  image  toa{}pear 
ill  tlie  posiLion  BA^  giving  a  great  power  to  the  telescop. 

V\f^,  216  »htiw8  the  mnimer  of  viewing  the  image.  It  alao  tiio^ 
n  nmtkll  Meek  ft  nttftclied  lo  tlie  tabe  of  the  main  inBtrument,  wlikh  « 
umnl  in  dlrixning  the  teleBCope  to  any  required  object* 


Herschera  Telescope. 
Itd!l«  Siu  WjijjA.v  liKKSctrKn,  of  London,  modified  the 
Nuwtonirta  LtvleHcope  by  inclining  the  mirror,  Jf,  so  as  t« 
throw  the  image  to  one  side  of  the  tube,  where  it  could  be 
viitwrd  Ivy  n  inntvniiying  eyc-plece,  the  observer's  back  be- 
in  i(  turiit'J  tuw.'nds  the  <d»jfct. 

Tht^  Iftfj^d  tfilesoopo  made  by  thija  eminent  astronomer  was  totif 
fwt  fit  Uuv^tli,  and  the  ft|n'rulum  had  ft  (liftmeter  of  aboat  five  fe*t 
It  wiiH  wUh  t\m  i^i^Rntic  instrument  that  he  made  some  of  hisni"®* 
briUitLut  difltiuveritiA. 


I 


Lord  Ho&B'a  Telescope, 
r^'ll^     Lomi  Ross,  of  Ireland,  has  recently  constructed  a 


f^^itain,  f*/(f,  »lfl.    (Saa,)  What  mcMilUcation  d!d   nKRSCJiKL  mate  In  thft^i^ 
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telescope  Btiil  Idrgcr  iljau  Herschel's.  Tit©  tube  is  56  feet  in 
^vigtbj  and  the  diameter  of  the  reHector  h  more  than  6  feet.  The 
sculum  wcighfi  over  4  tons,  and  the  entire  instrument  more  than  18 
This  telescope  is  supported  by  two  walls  of  manonry  48  feet 
igh,  72  feet  long,  and  24  feet  distant  from  each  clhor.  The  in- 
t*Timent  h  said  to  have  cost  the  owuer  SHOjOOO. 

Blicroioopes. 

825.     A  Microscope  is  a  jnodificatioii  of  the  telescope, 
>r  viewiDg  near  objects. 

MicroBcopeSj  like  tcleeoopeSj  may  bo  composed  of  a  comljinntion  of 

Jenses  alone,  or  they  may  bo  eofti posed  of  a  combuiatioti  of  refit'ctors 

ind  lenses.     Ec  fleet  in  g^  microscopes  are  but  little  uscid.     We  i«hall 

nly  describe  the  refracting  microscope,  of  which  there  are  two  khids^ 

the  simple  and  the  compound. 

A — —       The  Simple   Microscope. 

536.  Tli^  SiMPLK  Microscope  consists  ol*  ti  double  con- 
vex lens  of  short 
local  distance.  It 
is  usually  set  iti  a 
franiL  of  metsil  or 
of  hom,  and  huld 
'  in  the  hand. 

Fig.  218  shows 
the  manner  of 
using  it.  It  is 
held  at  a  distance 

|fh)m  the  object 
to  be  viewed,  a 
little  loss  than  its 
principal  focal  dis- 
tance.  In  this 
case,  each  pencil  of  light  lalling  upon  it  will  be  deviated  so 


1 

I 

I 
1 

I 


Fig.  218. 


L 


(3SS.)   Wliat  la  s  Microscope  t      ffiytc  may  a  mityro^opi    2w    comtntctedP 
1386)  Whttt  l»  B  Slmiik'  Mlproacope!     Explnin  Fig   2ia 


J 


POFuuia   Pffirsics. 

as  to  form  a  beam,  whose  axis  passes  tlirongli  the  poi 
from  which  the  pencil  proceeds,  and  the  optical  centre. 

The  object  tippev  i  of  the  same  size  that  it  would  if  theeycv«n 
placed  at  the  optical  centre  of  lUe  lens.  Since  the  least  limit  d 
diBttncl  rmon  is  about  eight  inches,  it  followB  that  a  single  mm 
ncope  whose  fooal  distance  is   one  inch,  would  magnify  m 


Fig.  %19. 


k 


^9v>  ia  ih0  ttMffnflfying  potoer  determined  f 
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If  the  principal  length  were  only  one  quarter  of  au 
It  "would  magnify  thirty-two  times. 

The  Compound  MiorOBcope. 

IT.    The  CoMFOUND  Michoscope  consists  essentijilly  of 

tible  convex  lens  called  the  ohject-lenSy  and  a  second 

We  convex  lens  called  the  eye-pieee, 

'.  219  represents   a   compound    microscope   and   the 

od  of  using  it.     Fig,  220  sliows  the  aame  instrument 

betion,  and  makes  known 

i'  ' 

icoitrse  of  the  rays.    The 

Irs  correspond  to  the  same 
|b  in  both  diagrams. 
Jhe  object  to  be  ob&erved 
iaced  at  a^  between  two 
fes  of  glass  npon  a  scpport. 
&•  this  is  a  tube,  OAo^  in 
eh  are  disposed  the  two 
cs,  the  object-lens,  o,  be- 
at its  lower,  and  the  eye- 
le,  <?,  at  its  upper  ex- 
pity.  The  object,  o,  be- 
plftced  a  little  beyond  the 
cipal  focus  of  the  object- 
i,  this  lens  produces  a  real 
|e,  bc^  which  is  inverted, 
object-glass,  O,  is  so 
led  that  its  principal  focus 
,  little  beyond  the  image, 
This  lens  then  acts  as  a 
ale  microscope,  atui  raag- 
|l  the  image  as  thongli  it 
^at-5C* 


r,)  Wli«t  fa  ft  GiHiipOTiiid  Mlcro90O{»e  ¥    Explain  lt»  coaatraellJin,  ud  tiM 
lofiivlnf  It 
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The  m&piifyin?  power  depsikdfi  upon  the  object^ieni    Tlai| 
ia  increased  by  combining  two  or  three  lensc'^j  as  uliown  lU 
the  right  of  Fig.  220.     A  second  lens  is  often  added  to  the  q^^^ 
as  shown  in  the  Newtonian  telescope,  Fig.  2] 7,  for  tbep^uiiOKf  I 
remedying  the  defect  arising  from  spherical  aberration.    Monartl 
all  of  the  lenses  are  made  achromatic* 

Microscopes  of  this  kind  are  constructed  whose  magrn 
is  J800 ;  but  what  is  gained  in  power  is  often  lo6-t  in  disi 
good  magnifying  power  is  600  iu  length  and  breadth,  wbil 
360,000  in  surface. 

The  object,  when  transparent^  is   iUom baled   hy  a   vinm^ 
which  concentrates  the  Usht  upon  it.     When  I  he  object  is  ojiiiju^  rt 
ifl  illuminated  by  a  len»,  L,  which  concentrates  the  ray^  upon  tt. 

The  microscope  is  used  m  the  study  of  botany  to  discover  the  \i 
of  the  vegetable  world  ;  in  entomolo^^  to  study  the  habits  of  tnin 
injects:  in  anatomy  and  medicine  to  study  the  laws  of  animal  i 
olog^^ ;  in  the  arts,  to  discover  the  composition  of  mixtur 
merce  to  delect   the   nature  of  stulfB,  and  so  on,     lis  i, 
universal,  either  as  an  instrument  of  research  or  of  curiosity. 

The  filagio  Lantern. 

3a§,  The  Magic  Lantern  ia  an  apparntns  for  foiimng 
upon  a  screen  enlarged  innflges  of  objects  painted  on  glasa 
It  was  invented  about  two  hundred  years  ago,  by  Father 
KiRCiiEK,  a  Gerrann  Jesuit, 

Fig,  221  represents  a  magic  lantern  in  use,  whilst  a  s«?c- 
tion  of  the  same  instrument  is  shown  in  Fig.  222»  i 

It  is  composed  of  a  box,  in  which  a  lamp  is  placed  before 
a  reflector,  31;  the  light  is  reflected  upon  a  lens,  X,  and  is 
cou verged  so  as  to  illuminate  strongly  tlie  plate  of  ghiss,(ii, 
npon  which  the  picture  is  painted*  Finally,  a  combination 
of  two  lenses,  m,  acting  as  a  single  convex  lens,  is  placed  s^d 

Uptm  what  doM  tht  magnifying  power  depend  f    Wh^  U  a  second  Ui%*  nddt^ 
to  th^  eye-pitce  f    H^w  great  ma^f  the  magnifying  pototr  hti  mads  ?    ITmr  i*  t^* 
ohjcct  iUiiminaUd  f     What  are  gome  of  the  w*w  6/th*  fnloromo^?^  /    (  32 
is  a  Maglo  Lontern  y    By  whom  lavealed  ?    Deflorlb«  tba  iwtMtmtitloa  and  i 
Mug  tlw  magic  lantem. 


(328)  WH^ 
ana  otelbpd  ^fl 


I 
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_lin.    Tli«  picture  on  the  gjite  ahoold  be  mtndi 
order  that  tta  tnnge  vmf  ftppeu*  ereel. 

Tbc  unage  cw  1^  wcneu  vill  lie  t^  man 
ab^  ftppmches  tlie  prmeip&l  fbeoi  «f  tlM  < 
iJao  te  te  more  nuignifled  m  the  ootnpoand  lem  ioeraaa  ni 


The  PHAjrrASMAOOBiA  dlflen  from  tlve  mj^.'ir 
tern  only  in  having  an  mrnutg^meot  hy  mhieh  the  ^'m  .t  '^ 
imagie  on  the  screen  may  ^  inercafied  cir  dimifiMml  )t' 
plaaitire. 

Tb«  Poljrmma  uid  XMMolvtea  ▼!•«», 

830,  The  PoLYRAiu  oomisU  of  a  doable  magii!  Iiuikrr. 
with  two  cut-off  screens.  Dissoltino  ViKwa  ar 
by  using  both  lanterns.  Thus,  if  a  ptctni«  of  ; 
gceUe  be  painted  on  one  of  the  slides^  mnd  of  the  tain« 
scene  by  moonlight  be  paint^^d  on  the  other,  the  first  pictu: 
is  thrown  upon  the  screen,  strongly  iUumiziated,  the  otl- 
one  being  entirely  excluded  by  a  screen  that  cuts  off  t'l^ 
eeoond  lens*  By  an  arrangenient  operated  by  the  exliibif'^r, 
the  light  is  gradually  cut  off  from  (he  first  picture  andnii- 
niltted  upon  the  second,  the  first  fading  away  insensibl] 
whilst  the  second  as  gradually  gmws  brighter.  In  ti 
way  all  the  effects  intermediate  between  full  daylight  aui 
fuU  moonlight  may  be  obtained  in  succession, 

A  volcano,  calm^  and  only  siinnounted  by  a  light  cloud  of  Btnol 
may  l>e  followed  by  a  picture  of  tlie  same  volcnno  Bending  frrifc^ 
volumes  of  flanic  and  smoke.  A  Btorm  may  be  made  to  socci^  ^ 
itniUng  landscape,  and  so  on ;  tbe  illusion  is  complete. 

The  Photo-BLectrio  Mtcroncope. 

Lsai.  T!ie  Photo-Electeio  Microscopb  is  constructed 
f'u  1  he  same  optical  priocipleB  as  the  magic  lantern,  exce^ 


»»«9  >  How  doei  tbe  PhaotaiiratffoH*  differ  from  the  Ma^c  Lntiters  f  (3H» 
^•mi  I*  am  Potyrami?  Eiplatn  the  niethod  of  prodnclujj  the  DtfeoWlnip  Vl««* 
my^tratf^    (SSI .)  Wmt  If  tHe  Phcito-Klectrlc Micro«cop«  f 


J. 
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at  the  light  employed  is  obtained  by  passbg  an  electric 
rent  between  two  charcoal  points.     The  pictares  on  the 
ades  are  also  made  sninller  than  in  the  magic  lantern, 
tich  requires  a  greater  illumination. 


Fig.  224  represents  ir.  tie  tail  the  firrangement  ot  this 
strument.  At  the  foot  of  the  apparatus  ia  a  battery  for 
pnerating  electricity,  which  will  be  described  hereafter. 
be  electncity  is  con%^eyed  to  the  charcoal  points  in  the 
BX,  B^  by  means  of  t^io  ct^pper  wires,  one  going  to  the 

ExptAln  tb«  Arrangement  ofpftrts. 


I 

I 


MO  popcjuut  pnrsicsu 

P    upper,  and  the  other  to  the  lower  point.     Tlie  points 
slightly  separated,   the   circuit   is    completed  oiilj' 
electricity  passing  across  the  intervaL,  i%hjch  ^es 

■  light  of  extreme  brilliaDcy. 

K^  In  the  ti^^ure,  /  represents  a  parabolic  reflector  for 
^^  eentmting  the  light  upon  the  alldev  -^  through  a  lifli^ 

■  7>  la  a  lens  which  forms  a  magnified   image  of  the 
object   on   a  screen.     The  tube  in   which   the  ^'* 
placed,  may  be  drawn-out  or  pushed  in  to  vaiT  i 

Iiying  power  of  the  apparatus. 
The  magtiifyirig  power  of  this  iBstruraent  may  tie  mwAe  eflfwaelj 
IjToat,  and  by  Buitablo  mooiigcment  it  serves  to  sb^^f  »/>  ^  [j^^  com* 
pany  llie  wonders  of  the  microi'copic  world 
B  One  of  the  moat  rcmarkabJe  experiments  luuae  wjtu    r 

■  tlie  circulation  of  the  blood.     Instead  of  a  picture  ou  i 

tlio  tail  of  a  tadpole  be  placed  between  two  plates  of  giiis^  and 
troduced.     There  will  appear  upon  the  screen  wtiat  teema  au  rllHL 

■  nated  rnnp^  all  of  who^  streams  flow  with   a  rapid   earreot.    It 
'       but  tho  blood  circulating  with  great  velocity  tliroagh   the  MUri 

and  vcina. 

The  phenomena  of  crystallization  are  exceedingly  bein 
seen  by  llii^  niicroBcope,     If  a  drop  of  a  solution  of  sal 
for  example,  be  poured  upon  a  plate  of  glass,  and    then   intfoduo 
into  tbo  inntrurncnt^  the  heat  will  cause  the  water  to  evaporate, 
ducing  one  of  the  most  beautiful  examples  of  crystallization  thai  can 
be  exhibited. 

The  minute  animalculee  of  aolutions  and  stagnant  water  csifi  bij 
shown  by  this  microRCope, 

When  the  light  of  the  huh  is  used  instead  of  the  electric  light,  thi 
apparatus  is  called  the  solar  microscopi. 

The  DioranuL 

939«    The  Dioeama  consists  of  two  pictures,  one  on  eacll 
8icle  01  a  transparent  muslin  sereen,  these  pictores,  aa  ' 

Ho^^Utln)  moynlfylng  ptywer  varied?  WTiat  are  iU  advantagoMf  fftmist^ 
^rcutaHon  o/1h«  biocd  thmjimf  The  pheni>fnena  qf  Of^«to^iaaf<mi  f  Julntod 
culm  f     What  U  a  aaar  uOUiroscQp*  f    { 332.)  Wbat  la  the  DJoram*?  — ^ 


polyrama,  being  diflfcrent  effects  of  the  same  scene. 
>f  these  pictures  i.^  seen  dbectly,  and  the  other  by 
litted  lis^Ht,  and  the  illusion  arises  from  the  lii^ht  being 


managed  so  as  to  produce  either  of  these  effects  at  pleasure 
Fig.  225  explains  the  manner  of  exliibitiiig  this  kind  of 


From  whftt  dtwft  the  tLluslon  arise  ? 
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Tike  two  viffin  Mm 

and  fiillsfig  upon  a  raprdble  mtrror,  J^  k  tlirarin 
mambMe  the  front  irf"  Ibe  acreea,    TW  room  lit^iiia  1 
•erten  bdng  dirit,  no  fcut  of  the  ptrticre  ob  tbe  otLcr  l 
of  the  icreea  is  men. 

If,  now,  the  mtrror  £,  he  iowiered  g«itiy,  uie  »^iaiei> 
A^iV,  lM?tug  ftt  tlie  nme  time  ikwlj  ofwB^  the  pfcturt  « 
thc!  front  of  the  screen  wiQ  ^e  mwtkr^  to  be  replaced  bjl 

tm  thc  other  ri<k%  now  aeen  hj* — -—    ^  ^-   ^t. 

the  mirror  in  let  completeJy  dawti  ^  jnf^t 

oompletety  op»cfiedf  the  only  effect  tluu.  will  be  seen  w31 
that  from  hehirid. 

The  dioriLniiL  waa  inTenl^d  and  perfected  fay  DAcrvaaa, 
etlebritcd  dbcoverer  of  the  da^erreotTpe.  Many  of  hit  pieiaret 
nf  ihiN  kmd  httd  a  high  reputation^  ainong  wliich  tamj  be  meolioaal 
iHPt  Midnight  MaJti)  and  hie  FccZ/fy  of  Goldeau.  ^ 

The  Camera  Obacnta.  / 

a:iJ|.  The  Camera  Obscctka  is  an  instrument  used  for 
fortiitrtg  a  ek-ar  picture  of  objects  tipon  a  screen  of  grouinl 

j^lniHi  cir  jtHpcr, 

It  ronKiHtfl,  Fig.  226,  of  a  closed  box  mounted  on  a  stand, 

hrivini^  a  mirnW  lioh*  on  one  side  and  a  screen  for  receiving 
lUv  imai^e  on  the  opposite  side,  ^fhe  Jiole  may  be  of  any 
(llnitMiKJoti!*,  if  a  concave  lens  be  placed  in  it  capable  of  filling 
it,  find  of  Hiicli  power  as  to  bring  the  mys  to  a  focus  on  the 
op|Hmito  Hcrcen. 

Fig.  225  hIiows  how  the  image  is  formed  in  the  earners 
(ibKrnrj*.     Tliu  ptih'il  of  riiys  eoniiiig  fvnm  the  soldier's  c;ip 
^;(MiN  In  ftnni  ntj  iina;,^'  at  tlio  bottom  f)f  tiie  box,  whilst  thai  i 
t'onihij^  from  his  feet  goi5«  to  form  an  image  atthe  topof  I 


Ji>pl*t»  t)i»  iiittUtKl  «r  I'xlilblMiiu.     ITAo  init^nttd  th4  di&rmna  f    (  8310  ^^] 
*'*  i)>»^  c'Hmprn  nb»€r»ir»r     Di^icriU  It,    KxplAln  th«  (wana  of  tliA  ray*. 
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Fig.  2!iti 


Bcreen.  The  image  13  inverted  and  revei-sed  in  a  bori- 
a1  direction,  but  in  every  otlier  respect,  including  color, 
a  perfect  representation  of  the  object  pictured* 

le  camera  obscura  affords  aid  m  sketching  tbo  outlinea  of  a 
Bcape  or  building^  but  ita  principal  importance  at  present  coQsbta 

application  to  the  v-arious  branches  •f  Photo^apby.     It  may 
be  used  as  a  source  of  amusement. 

le  images  formed  by  a  camera  obscura  possesa  tb<3  rcmarkablo 
liarity  of  being  entirely  independent  of  the  shape  of  the  opening 
box,  provided  it  be  quite  smalL  The  shape  of  the  images  h 
ftatnc,  whether  the  opening  be  square,  round,  triangular^  or  ob- 

show  this,  let  us  consider  tlie  case  of  a  beam  of  solar  liglt 
ring  a  dark  room  through  a  hole  in  a  shutterj  Fig.  227.  With 
Bct  to  the  sun,  the  hole  ia  the  shutter  is  but  a  point,  hence  tho 
p  of  rays  which  enter  it  form  in  reality  a  cone  whoee  base  is  tho 
The  prolongation  of  these  rays  into  the  room  makes  up  another 


*ehai  U  ihs  camera  wied  f 
UoVi  iM  ihU  itlmtrated  f 


What  rtmarkalU  propertjf  do  th«  imaQsa  po9' 
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similar  in  shape  to  the  firsts  and  if  this  cone  be  imercepted  by 
^^^tn  perpendicular  to  tlic  line  joining  the  liole  with  the  centre  of 
Un,  the  image  formed  will  he  a  circle.     If  the  rays  are  inter- 
by  an  oblique  plane,  as  in  the  figure,  the  image  is  elliptical^ 
t  never  takes  the  ftjrni  of  the  hole  when  I  hat  is  small. 
Jaccordance  with  this  principle,  we  itnd  ihc  iUuminatcd  patdhca 
'th  formed  by  light  pai^sing  between  tlic  Jeaves  in  a  forest  of  a 
blar  or  elliptical  shape.     This  is  illustrated  in  Fig»  228.     In  ail 
Upao  of  the  sun,  when  Ui6  visible  portion  of  the  sun  h  of  crescent 
ape,  the  patches  of  light  all  assume  the  cresecnt  form  :  that  is. 


FOFUIAB    FHT8ICS. 

)  of  the  Visible  part  of  the  boa.    The  resioa  of  ^| 
90  18  evideat. 

MaiitKr  ol  retuiering  the  Image  erect 

The  Rtfuiner  of  producing  erect  images  of  ex 
in  a  Ciiment  ahscura^  or  dark  rootu^  h  8boini| 
V%g*  8TO,  A  little  uliove  ibe  hole  a  plane  miiTor  isso  ] 
;Ci  to  icfiect  the  niys  whirh  enter  it  upon  a  conve 
flzed  at  I  be  extremity  of  a  tube.  This  reflection  inver 
beam  of  light  and  makes  the  image  erect,  which  may  then  | 
be  tlirown  upou  a  suitable  screen  for  observation, 

Sodi  imagee  are  pcrlVct  reprefientalions  of  Ihe  external  objcctil 
wbieh  they  represeot,  being  porfecUy  faithful,  not  only  in  form  vA\ 
colorful  ill  motion  al«o.     When  inmges  of  street  sceucB,  viilh  afl 
iheir  life  uid  motion,  are  ihuB  fomedj  f  key  arc  very  etriking  as  vtll 
AS  iiiteresiinf . 


yig.  2UU. 


f  334  )  How  Are  th*  VifiAgva  m»Ao  erect t 


For  taking  views,  the  camera  obaciirsi  sliould  be 
nd  portable.  The  beat  form  i«  that  shown  in  Fig,  230. 
ists  of  a  sort  of  portable  tent  uf  black  cloth,  within 
is  a  table  for  receiving  the  image,  and  at  the  top  of 
ig  a  tube  bearing  a  prismatic  lens,  that  produces  the 
led  effect  of  the  mirror  and  lens,  as  shown  in  Fig.  229, 
^e  projected  upon  the  table  may  be  traced  out  wiih 
1  on  a  sheet  of  white  paper. 


Fig.  2SL 

the  course  of  the  rays  in  forming  tho 
The  rays  coming  from  the  object,  ABy  fall  upon 
ivex  face  of  the  lens  and  are  converged,  and  in  this 
ley  reach  tJie  plane  aorface,  wi,  which  is  inclined  to 
rbon.  Being  totally  reflected  from  the  surlace,  m^ 
nerge  througli  the  slightly  concave  sui-face  below, 
» to  form  an  image,  ah,  on  the  taVile,  P,  A  sheet  of 
13  flpread  on  P,  to  receive  the  image,  and  on  il  the 
s  may  be  traced, 

^m  The  D&guertQotype, 

,     One  of  the   most   mipoitant  application!?  of  the 
t  obscura,  is  in  Ibrming  pictures  upon  plates  of  pre- 

I  ll:iplftin  the  ennstrtirtloii  of  tho  Portablo  OamBra  fat  Aniita.    Expliaii  th«> 
die  raytt     (  33tt.)  Wbat  it  Ch«  most  LmpoTtant  appUoillon  of  tfie  ^ftmera  7 


M 


L 


pared  motal  or  (taper,  hy  the  actinic  or  chemkdt 
the  light. 

The  dwoorery  of  ibe  dftguorreotyping  process,  like  i 
diioovenei  of  tnagnitiide,  was  preceded  by  many  parli ally  b 
eObrtft.     One  of  the  most  imporiant  of  them  was.  perhapfcUi^f 
Talbot,  wlio  succeeded  in  fisting  images  on  prepared  paper  tiy « 
of  holar  light.     The   main  dis-covcr)'   i«^  however^  due  \tt  M. 
oi.'KRRi:^  who  in  1839  aiinownced  that  he  could,  by  a  procca? 
pyjng  but  a  few  minutes,  fix  Uie  Image  of  a  camera  opou  fto 
plale. 

During  the  few  years  that  have  elapsetT,  improTements  hatt ' 
lowed  each  oilier  in  rapid  succession,  until  the  process  of  dagoen' 
typing,  in  all  its  various  blanches^  gives  remunerative  employmai 
to  Uiousanda.     It  is  not  only  one  of  Uie  most  ioterfsting  discovert 
of  modem  times,  but  it  has  become  of  immeofie  utility* 

Procesa  of  Daguerre. 

38 T.  The  proeess  of  Daguerre  begins  by  rectivmg  the  tmagfl^ 
the  camera  upon  a  proper  plate,  covered  with  a  thin  layer  of  »i^ 
whose  Hurface  has  been  carefully  polished  and  rendered  Beroitivft! 
light.  The  polisbetl  plate  is  rendered  sensitive  by  meana  of  i' 
Todine  in  solid  at  ordinary  temperatures,  but  is  easily  converted 
vapor  by  a  slight  degree  of  heat.  The  plate  is  held  over  the  vi 
of  iodnie  for  abotrt  two  minutes,  during  which  lime  a  thin  layer  of 
the  silver  unites  with  the  iodine,  forming  a  coating  of  ioditk  ofsilm 
which  is  exeeedingly  scnsiitivc  to  light*  The  plate  thus  prepare 'i -i* 
placed  in  the  camera^  so  as  to  receive  the  image  to  be  copied.  Bwi  i« 
acted  upon  by  the  rays  forming  the  image.  The  plate  is  ii«^' 
exposed  for  a  few  minutes  to  the  vapor  of  mercury.  The  mcfi^''!? 
unites  with  the  silver  where  it  has  been  acted  upon  by  the 
forming  a  white  amalgam,  giving  the  lights  of  the  picture^  wl 
the  olhcr  parts  remain  dark. 

Thifi  proeess  was   imperfect ;  the  plates  required    ten  or  I 
minutes'  exposure  to  light,  in  order  to  fix^  an  impression,  ^iii"^ 
rendered  the  method  nn^ultable  for  portraits;  the  pictures  formed 
wero  indistinct   and  easily  effaced,  and   linallyj  the   reflected  lig'^* 


I 


(331.^  E^plQii^ 


inmgjg^ 


16  plates  diminished  the  distinctneiis  of  vision^ 
were  remedied  by  a  einglo  man,  M,  Fizkau 
ising  bramine  with  i&diiie  in  preparing  iht?  plates,  he  rendered 
c»  Betifiitivej  that  from  six  to  thirty  eecouds  formed  c  suflicteiii 
re.  He  fixed  the  images  and  prevented  exceiiBivo  reflectioiij 
Ig  chloride  of  gold  aod  h^-posulphite  of  soda  with  gentle  heat, 
rocess  not  only  ha4  the  effect*  named^  but  it  also  increa«ied 
ightneLS  of  the  pietiire.  Since  these,  other  imprDvcmenis 
een  made^  till  at  last  in  skill tul  hands  -it  has  reached  a  state 
rfection. 


I 


Ws 


Fig,  2331 


represents  the  form   of  camera   used   hi  the  process  of 
reotyping.     It  consist  a   of  a  rectangular  wooden  box,  to  one 


in  ih*  modi/lcaUoftJi  o/Fi«xaii.    Erptain  the  eonaimcHtm  and  fiM^Aotf  4^ 
I  eafnerajbr  daifutrrtotyping. 
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titee  of  whiek  »  atlMbed  a  tube,  bemring  &  lena.  whieh  ronnllil  | 
im&g«.  The  oppoaite  fa«e  of  the  box  coiuifttB  of  a  fllidin;  dnKt^ 
holding  a  pUte  of  ground  giM»,  tipon  which  the  ima^  is  tbit)^ 
and  by  drawiog  it  out^  or  tliding  it  in^  the  picture  mar  be  tttAed 
dutinct  apon  the  glas.  When  the  ima^e  is  clcarlr  defined,  ^ 
plAta  of  glut  ti  fomoivtfid,  and  the  prepared  silver  plate  introli^  i 
%  id  the  prcMseaa  above  dejicribed  U  peifonnfi. 


•«• 


Photogrmphy. 

a39.     Photogbapuy  m  the  art  of  fixing  the  picttircrf 
the  camera  on  paj)er  or  gkas. 

There  are  two  kiuda  of  photogmpbic  pictures,  jmiti^ 
and  negative.  Positive  pictures  are  those  that  hare  their 
lighta  aiid  shades  in  their  proper  relatiTe  position  ;  negaHn 
pictures  are  those  in  which  the  lights  and  shades  are  re- 
versed in  position.  A  negative  picture  taken  on  gliia  i* 
used  to  produce  a  positive  one  on  paper. 

To  produce  a  negative,  a  plate  of  glass  la  carefully  deaaed  and 
coated  with  a  layer  of  collodion  impregnated  witji  iodide  of  poias- 
siatn  \  the  plate  b  tlien  immerBed  for  about  a  nunute  in  a  bath  of 
niimte  of  silver,  contaiDing  tliirty  grains  of  tlie  nitrate  to  an  msix 
of  water.  The  double  decomposition  that  ensues  gives  rise  to  » 
layer  of  iodide  of  silver^  evenly  spread  on  the  plate.  This  opera- 
tion ahoyld  be  performed  in  a  dark  room.  The  plate  is  next 
drained,  aiul  when  nearly  dry,  it  is  inserted  in  a  closed  fintne  audi 
exposed  to  the  actirm  of  tlie  camera.  The  plate  is  then  remov< 
to  a  dark  ro<im,  and  the  picture  is  brought  out,  or  dtf«eie>p«d, 
pouring  over  it  a  solution  of  prolOBUlphate  of  iron  or  p; 
iinid.  This  brings  out^  or  develops^  the  invisible  picture  fonin 
i»y  rhe  action  of  liglil  on  the  iodide  of  eilven  When  the  pi 
ttiie  ia  suflicieutly  brought  out,  water  is  poured  over  the  plate^j 
which  stops  the  further  development  The  parts  not  acted  on 
light  still  t'noliiki  iodide  of  silver,  which,  if  not  removed,  would 
afleciod  if  exposed  to  the  action  of  light.  This  is  removed  by  was! 
Ing  the  plate  with  hyposulphite  of  soda,  which  dissolves  the  iodi( 


<3S8.)  What  li  Pbotopuphj  f  WhaX  arv  pofUIva  md  a«g»Uve  pictun^  ? 
^  a  Mf^M  on  ffiau  produced  f 


OPTICAL  IXSTBUMENTS.  351 

but  does  not  affect  the  picture.  The  plate  thus  prepared  is  dried, 
and  then  coated  with  a  thin  layer  of  transparent  varnish  to  protect  it 
from  injury. 

The  negative  thus  produced  is  used  for  obtaining  positive  prints 
on  paper,  as  follows : — Paper  is  impregnated  with  chloride  of  silver 
by  first  immersing  it  in  a  solution  of  nitrate  of  silver  and  then  in  one 
of  chloride  of  sodium ;  chloride  of  silver  is  thus  formed  on  the  paper 
l)y  double  decomposition.  The  negative  is  placed  over  a  sheet  of 
this  prepared  paper  and  exposed  to  the  action  ofsmili^^  for  a  cer- 
tain time.  The  chloride  of  silver  is  acted  on  by  the  light  shining 
through  the  negative,  bein^  most  affected  under  Uie  Ught  parts  of  the 
negative  and  least  affected  under  the  dark  parts.  The  ocq;>y  thus 
formed  is  a  positive  picture.  In  order  to  fix  it,  tbe  paper  is  thor- 
oughly washed  in  a  solution  of  hyposulphite  (^  aodtauk,  which  dis- 
solves out  the  unaltered  chloride  of  silver  and  prevents  the  further 
action  of  light  The  picture  is  next  inmiersed  in  a  balh  of  chloride 
of  gold  to  give  it  the  proper  tone. 

To  obtain  a  positive  picture  on  glass,  prepare  the  plate  as  before. 
After  exposure  to  the  action  of  the  camera,  develop  by  a  solution 
of  protosulphate  of  iron ;  this  gives  a  negative ;  then  pour  over  the 
plate  a  solution  of  cyanide  of  potassium ;  this  rapidly  changes  the 
negative  into  a  positive.  This  completed,  the  picture  is  washed, 
dried,  and  a  coating  of  varnish  is  poured  over  its  sur&cc. 

Besides  the  methods  given  above,  there  are  many  others  in  use, 
produdng  particular  varieties  of  picture,  but  all  depend  on  the  same 
fundamenttd  principle,  that  is,  the  extreme  sensitiveness  of  salts  of 
silver  to  the  action  of  li^t 

Stmctore  of  tbe  Eye. 

339.  The  Etb  is  a  collection  of  refractive  media,  by 
means  of  which  we  are  made  acquainted  with  the  external 
world  through  the  sense  of  sight 

As  an  optical  instrument  the  eye  is  inimitably  perfect;  it  has  not 
the  fimlts  either  of  spherical  or  chromatic  aberration,  and  withal,  it 
possesses  the  remarkable  property  of  self-adaptation  to  great  as  well 
as  small  distances. 

The  shape  of  the  eye  is  spherical,  with  a  slight  protuber- 

Hmj  are  negatives  m  ii^a»9  used  f4>  obtain  potUiw  prtnU  How  are  potMvet  on 
Vhes  cbtaineaf   (889.)  What  is  the  ^ef 


MWlAX. 


tmv  In  front  5  th©  fivormge  diaiiMt^  of  the  1 

41  Httli^  lt*iM»  ihaii  nine  tc-iiUiH  of  an  tiidi.    Kg.  fit  i 
li  mH'tlou  viim  eiye,  nith  mine:  of  the  corerii^tki^il 
in  tin  lo  Hhvxv  tlio  poiition  of  the  parU. 


Th«t  luUtTJur  ptirt  of  the  t^e  'b  limiU'd  by  a  pcrfuctW 
trinmpiuH^nt  mrinbrattr,  n,  culled  tilts  cornea.   The  remaiDi*^ 
cif  thi»  ovtorior  rimtintj  i»  an  opaqno  white  membrane^  caDw 
the  »Hero(i(*  eouL    Tlio  curiR'a  ih  »ct  in  the  sclerotic 
ftji  A  wiitt^h-jfluMrt  irt  in?t  in  its  frame. 

ImnuHliatt^ly  lH*liiml  tlni  CH>ni(m  is  a  transparont 
liin]vitl  m  \\nlv\\  tiiilKul  tlio  aquenUB  humor.  In  this  floats 
a  t^rmilm*  nuriuiti,  Ai,  nlturhed  by  its  outer  edge  to  the 
•cltTivtio  oont,  iirul  li;iving  n  mnall  circular  opening  at  its 
middlo,  Tho  curliiiii  i.s  i^allod  tlio  f*m,  and  the  hole  in  iw  ^ 
oontn*  i»  calknl  tlio  /iw/)*V  Tlio  iris  gives  color  to  the  cy^f  J 
boijig  Mark,  liltM\  j?rny,  Ati, ;  it  ia  muscular,  and  by  the  cot* 
truMiou  tmd  t'X]»:mMiou  of  tlic  fihnvs  ihi^  pupil  maybe 
larp*d  c»r  diniini^licd ;  it  isi  throagh  the  pupil  that  rays  ' 
light  miti'r  tlnj  oyo, 

lirhiiid   tlr^^  im  is  a  dmibh*  convex   lens,  o,  called 
efytf^t/hftc  ItHM  ;  it  h  d!'  tJie  ronMlsiicnce  of  gristle,  perfec 
tniUM[)urL«jit,more  I'Urved  behind  tluin  in  front,  and  is  deni 
towards  itw  middle  than  at  the  edges.    This  lens  serves  to 


lt»  rIm  f    Wbttt  U  ibo  DbfirwDter  iibd  pottUoti  of  the  eoruM  f    Or  the  ■eloroUfl  a<Nitf 
Of  tiM  nqunoui  buiaor  f    The  Irii  T    Tbf»  pupil  f    Tlio  «rjit«11t]i«  kuf 
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*^verge  the  rays  to  foci  l>ehmd  it.     Immediatelj  behind 

*^  crystalline  lens  is  a  medium  nearly  tilling  the  remainder 

*  t.he  cavity  of  the  eye,  called  the  mtreona  humor  ;  it  is  of 

f*^  consistence  of  jelly,  and  pcifectly  tran^jtarent,   permit* 

^^^  the  rays  to  pass  through  it.  A 

Immediately  behind  the  vitreows  humor  is  a  tliin  white" 

^pansion  of  the  optic  nerve,  lining  nearly  all  of  the  sclerotic 

.  ^^t;  this  is  called  the  retinay  and  is  the  seat  of  vision. 

*^hind  the  retina,  and  between  it  and  tbe  eclerotic  coat,  is 

^tie  velvety  coating  called  the  choroid  coaty  covered  with 

oJack  pigment,  which  absorbtis  the  rays  that  pass  the  retina^ 

*^^%Tenting  internal  rejection.     The  sensation  of  sight  is 

^Hveyed  to  the  brain  by  the  optic  nerve,  which  goes  to •  the 

The  MechanJHin    of  Tiaion. 

g40#  The  action  of  the  eye  is  similar  to  that  of  the 
camera  obscura,  except  more  perfect ;  t!ie  pupii  corresponds 
to  the  hole  in  the  shutter,  tbe  crystaUine  lens  forms  the 
image,  and  the  retina  is  the  screen  on  which  the  image  foils. 
The  image  formed  is  of  course  inverted,  as  shown  in  Fig, 
233,  but  the  mind  refers  ol>jecta  along  the  rays  which  pro- 
duce tbe  sensation  of  sight,  hence  points  appear  in  their 
proper  position  ;  that  is,  we  see  objects  erect. 


I 


limit  of  Blfltiiiot  Viiion,  —  Defeota  of  Sight 

341.  When  an  object  is  placed  very  near  the  eye,  the 
lens  lias  not  sufficient  power  to  bring  the  rays  to  foci  on  the 
retina,  and  an  indistinctness  of  vision  is  the  consequence* 
The  least  distance  at  which  an  object  can  be  seen  distinctly 
is  very  different  in  different  individuals.  It  may,  on  an 
average,  be  put  down  at  sL\  inches.  Sometimes  this  limit 
IB  not  the  same  for  both  eyes  in  the  same  individual. 


TJie  vUreoua   buoior?     Tbe   rellniif     Tho   cbf>Toi<l    codt?     Tho    optic    nerve f 
(340.)  Describe  tbe  mcebiiDlsu)  of  viilfii.    (341.)  Wbut  k  Ibe  average  UmiLof 
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When  the  limit  of  distinct  vision  is  mnch  less  than  ni 
inches^  the  individual  is  said  to  he  shortsighted ;  when  it 
Is  much  greater  than  six  inches,  he  is  said  to  be  lon^ 
sighted. 

Short-si GHTKDNESS  comes  from  too  great  convexity  oixht 
comea,  or  crystalline  lenSj  or  both.  The  effect  is  to  bring 
the  rays  to  foci  before  reaching  the  i^etina,  giving  an  infe 
tinctness  to  vision.  This  defect  is  remedied  by  using 
spectacles  with  concave  lenses,  which  diverge  the  niys 
before  falling  upon  the  cornea,  and  thus  enable  the  media 
of  the  eye  to  bring  them  to  foci  upon  the  retina,  K  the 
eyes  are  unlike,  the  lenses  should  be  of  dififereet  power. 

Long-sightedness  is  a  defect  just  the  reverse  of  short- 
sightedness. It  arises  from  too  great  flatness  in  the  c^raeih 
or  crystalline  lens,  so  that  rays  of  light  are  brought  to  foci 
behind  the  retina.  This  defect  is  remedied  by  using  spec- 
tacles with  convex  lenses. 

Short-sightedness  is  a  defect  of  youth,  and  is  gradually 
removed  as  the  individual  advances  in  years ;  long-sighted-^ 
ness  is  a  defect  of  advanced  age,  and  once  commenced 
gradually  increases  with  years,  probably  because  the  or; 
which  secrete  the  media  of  the  eye  become  feeble  as 
advances. 

The  best  form  of  convex  glares  for  spectacles  is  the 
meniscus,  <9,  Fig.  186,  and  the  best  form  of  concave  glasses 
is  the  concavo-convex,  iJ,  Fig.  187.  These  glasses  are  calleil 
jjeriscopiCj  because  they  permit  a  wider  range  of  vision  than 
other  forms  of  lenses. 


Tiiioii  with  two  BjM.  ^H 

34ti>     An  image  of  every  object  viewed  is  formed  in  each 
eye,  yet  vision  is  not  double,  but  single.     This  is  regard^H 

When  in  a  person  short-s^fghtE^rt  ?    When  loag-i»igbt«rfl  ?    Wlmt  is  the  <muu  of  ilwrl- 

Btgl3tedii^s9f    Hr>w  Is  It  remedied  ?    What  h  the  caaao  of  loDg-filgbt«dDera T    How 

if  U  remedied  ?    What  are  pedacopk  i£\ftuii^!i1    ^^4%^  ^ct«  «x«  ^ir«  UMbtod  to  ae« 

^  with  two  ejei  ? 


w 
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^ome  as  a  matter  of  habit ;  others  refer  it  to  the  fact  that 
u  nervoas  filament  comiog  from  the  brain  to  the  eje  ia 
^cled  into  two  parts,  one  going  lo  each  eye. 
^irnultaneous  lasion  with  two  eyes  is  snppofied  to  give  as 
idea  of  reliefs  or  form  of  objecta,  a  view  which  receives 
^firraation  from  the  action  of  the  stereoscope. 


Th©  Stereoacsope. 

18.    The  Stereoscope  is  an  apparatus  employed  to  give 
flat  pictures  the  appearance  of  relief;  that  ia,  the  appear- 
|***4ce  of  having  three  dimensions. 

h  was  invented  bv  Wheatstone  and  improved  by  Brewbtcr. 
^t  the  preseut  day  it  is  offered  for  sale  in  a  great  variety  of  forma, 
**adconsiituteH  an  instructive  and  aniufing  instrument. 
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When  we  look  at  an  object  witli 

loth  eyes,  each  eye  sees  a  slightly 

liiffercnt  portion  of  it.     Thus,  if  we 

Jock  at  a  small  cube,  as  a  die^  for  [\ 

example,  first  with  one  eye  and 
then  witli  the  other,  the  head  re- 
maining fast,  wc  sliall  observe  that 
the  perspective  of  the  cube  is  dif* 
ferent  in  the  two  cases.  This  will 
be  the  more  apparent  the  nearer  \ 

the  body. 

If  the  cube  has  one  laco  directly 
in  fi-ont  of  the  observer,  and  the 
right  eye  is  closed,  ihe  other  eye 
will  see  the  fiont  face  and  also  the 
left  hand  faco,  but  not  the  right ;  ii^ 
however,  the  left  eye  is  closed,  the  other  eye  will  see  the 
front  face  and  also  the  right  hand  face,  but  not  the  left. 


Fig.  m. 


Whence  do  we  doriviv  out  notl<tii  of  relief  In  bodlea?  (  343.)  Whtit  U  the  StarefV 
■Qope  f  By  uAovi  invented  t  Explain  tbe  theory  and  cotiatruoUoii  of  the  atereoficope 
la  detail 
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lliiiee  we  know  Uiat  the  two  images  formed  by  the  two^ 
Am  not  mbsiiltttely  alike.    It  ia  thk  differeoce  of  images  v 
girea  the  idea  of  relief  id  lookiag  at  a  solid  body. 

It^  now,  we  suppose  two  pictures  to  be  made  of  an  ohje 
the  one  as  it  would  appear  to  the  right  eye  aiid  the  others 
it  would  appear  to  the  left  eye,  and  then  look  at  them  ftii 
both  eyes  through  leuses  that  cause  the  pictures  to  comci^ 
the  impression  is  precisely  the  Fame  as  though  the  i 
itself  were  before  the  eyea.     The   illusion  is  so  eomi 
that  it  is  almost  impossible  to  believe  that  we  are  i 
viewing  pictures  on  a  flat  suHace, 

Such  11  the  theory  of  the  stereoBoope.  Fig.  234  shows  the  eoanl  I 
ot  the  rays  in  this  in&trameiit  a&  ju^t  des^cribed.  A  repre&euls  1 1 
picture  of  the  object  as  it  would  be  seen  by  ihe  ngbt  eye  alone;  IJ 
a  picture  of  the  same  object  as  it  would  be  seen  by  the  lefleytj 
alone  ;  m  and  n  are  lenses  which  deviate  the  rays  bo  as  lo  rotk«  ^  \ 
pictures  appear  to  bo  coincident  in  C, 

Tbo    lenses,   m  and  n,  ought    to   be    perfectly  symmetrical,  awl 
RjiKvs  sTk^H  aftaJiied  tluB  rcsuIt  hy  cuttiog  a  double  convex  letis  iQ 


^pinin  Hit  co%n4  t^ih$  rtfy*  ^  fft«  tA^rttmoosp^ 
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placing  the  right  hand  half  before  the  left  eye,  and  the 
before  the  right  eye.  The  pictures  must  be  perfectly 
nrbich  can  be  done  only  by  means  of  the  dag^uerreotypo  or 
lie  prooenB.  The  pictures  are  made  by  using  two  came  ran 
each  other  in  the  proper  angle. 

I  represents  two  stereoscopic  pictures  of  Franklin^  taken 
tue.  We  see  the  left  hand  one  more  in  front,  tlie  right 
more  in  pnifile.  On  placing  them  in  the  slereuscnpe  we 
B  image  in  relief,  V\m  image  stands  out  in  relir-l^  pre- 
the  appearance  of  the  statue  from  whkli  tlie  pictures  are 


,  form  of  tlie  stereoscope  is  that  of  Duboscq*  The  lenses 
nd  touch  eacti  other,  so  that  thej  are  adapted  to  eyes  which 
distance  apart,  which  h  not  the  cjisc  in  the  instrument 
?\g.  234,  In  that  Inslrumcnt  the  eyes  must  be  at  a  certain 
part,  which  does  nut  permit  the  same  instrumeut  t(»  be 
tli  children  and  advUts. 


CHAPTER  TH. 

MAONETI8M. 

I. QKnXUAl      PROPKIITIES      Of      MAONETfl, 

I>6£iutioii  q£  Magnetiflm. 

ft44.  Magxi^sm,  as  a  science,  is  that  branch  of  Physics 
which  treats  of  the  properties  of  magnets,  and  of  their  action 
upon  each  other. 

Magnets* 

345.  A  MAGNirr  is  a  body  which  exercises  a  particular 
power  of  attraction  upon  iron  and  a  few  other  raetals. 

Magnets  are  either  natnral  or  artificial. 

Natural  magnets  are  certain  ores  of  iron^  and  are  geoer- 
ally  known  under  the  name  of  loadstones. 

The  magnet  is  so  called  from  the  town  of  Magnesia,  in  L|^'*i 
where  it  was  first  noticed  by  the  Greeks,  la  its  natural  form  it  w*** 
sista  of  a  mixture  of  two  oxides  of  iron,  with  a  Fmall  proportion  ^' 
quartz  and  alumina.  It  is  now  found  in  considerable  quantititf  '" 
Sweden  and  Norway,  as  well  aa  in  many  other  countries. 

The  magnet  possesses  the  remarkable  power,  when  fif«ely 
suspended,  of  directing  itself  towards  a  particular  point  ot 
the  horizon,  and  it  ia  to  this  property  that  ita  importance  is 

( S44.)  What  In  Mapietism  as  fi  science  ?  What  Is  n  Mosrnet  f  How  many  VitAt 
of  mAgnets  ar«  there  f  What  »re  nattiriil  magnet*  T  WhmMt  the  name  f  Whii  ** 
^f^cwiMitiiHonqf¥^  natural  magmif    Wlu-t  remaTkabl*  prop«ny  d»e»  tbt  b 
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^  ^iie.  It  may  be  suspended  by  a  thread,  or  by  bal- 
S  U  on  a  pivot.  In  practice  the  latter  method  is  the 
^^^t  usually  adopted. 

^ificial  ^nafffiets  are  bars  of  tempered  steely  to  which 
^operty  of  the  natural  magnet  has  been  imparted.  The 
-ial  mri{]^net  is  far  more  valuable  than  the  natural 
%  and  is  generally  used  in  practice. 

'i  is  ft  mixture  of  iron  with  a  s^mall  quiintity  of  e&rboiij  and 
heatcsd  and  then  plunged  into  water,  it  beoomes  exceedingly 
lud  capable  of  retainiog  the  magnetism  that  may  be  imparted 

ffid  magnets  for  experiment  are  made  of  oblong  bars,  from 
to  fifteen  inches  in  leniith,  as  represented  in  Figs.  245  and 
They  are  sometimes  made  in  I  lie  form  of  a  horse-Rhoe,  as 
in  Fig,  247.  Sometimes  they  are  made  in  the  form  of  a  thm 
tedle,  as  shown  ia  Fig.  239.  This  is  the  form  in  which  they 
*tructod  for  pointing  out  the  direction  of  the  magnetic  me* 
as  in  com|ms8e«.  In  this  form  they  are  also  used  in  many 
;ic  experiments. 

nets  may  be  made  of  soft  iron  or  untempered  steel,  but  they 
retain  their  mafnetisim  when  the  exei ting  cause  is  removed. 

rets  are  culled  temporary  magnets. 
Distribution  of  Totce  in  Magnets, 
The  force  with  which  a  mas^ct  attracts  iron,  is 
e  same  in  all  of  its  pans.     The  .tttraciion  is  strongest 
extremities,   from   which    it   decreases  towards   its 
s,  where  it  is  nothing. 

may  be  shown  by  plunging  one  end  of  a  magnetized  bar  rnto 
ings  ;  OB  withdrawing  it,  the  fiUniis  will  be  seen  adhering  la 
Dg  filaments,  aa  Fhown  in  Fig.  237. 

B  entire  bar  be  rolled^  in  the  filings,  it  will  be  foand  that  they 
to  both  endsj  but  not  to  the  middle. 

b  BO  artifloial  mosfftet?    What  h  »tP«lT    2>Mcrihe  an  artljicial  magnet, 

t i 


Every  magnet  has  two  poles  and  one  neutral  line,  whether  | 
magnet  be  natural  or  artificial.  Sometimes,  besides  the  two  pr 
cipal  poles,  there  are  other  minor  poles,  called  secondary  poles.  In 
artificial  magneto  these  arise  from  inequality  of  temper  in  the  »t©ei 
barsj  or  from  want  of  proper  care  in  maguetizLDg  them.  We  i 
suppose  each  magnet  to  have  but  two  poles. 

The  action  of  a  magnet  upon  iron  takes  pi  ace  through  intermedti 
bodies.     If  a  magnetized  bar  be  covered  with  a  sheet  of  paper,  i 


!9ol«»t    Eqtiftiorf     What  nr«  »eeandarff  poi«»f    IH^iroHfinf 
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^  fine  iron  filings  be  sifted  ujiiformly  over  the  paper,  ihey  wUl  bo 

^rr&DgiQg  themselves  in  regolar  carves  around  ea.eh  pole,  as 

"*^ii  in  Fig,  238.     No  action  is  observed  about  the  neutral  iine, 

i  fiiiugs  Mling  there  as  on  any  other  surface. 


Hypothesis  of  two  Magnetic  Fluids. 

^^y.    If  we  compare  the  action  of  tlie  two  poles  upon 

'^  iron,  we  observe  the  same  phenomena  at  both.     It  ia 

'^  so,  however,  when  we  compare  the  action  of  two  mag- 

^^s  upon  each  other.     If  to  the  same  pole  of  a  magnetic 

^^^dle,  ab^  balanced  on  a  pivot  (Fig.  230),  we  present  in 

^P^^^^ession  the  two  poles  of  a  magnetize*!  bar,  held  in  the 

^^d,  we  observe  the  cur  ions  phenomena,  that  if  the  pole, 

**>  of  the  needle  ia  attracted  by  the  pf>1e,  ^,  of  tlic  bar,  the 

l^U^,  ft,  win  be  repelled  by  it ;  if  the  pole,  a,  is  repelled,  the 

l*^!e,  h,  ^Y\\]  be  attracted. 

To  explain  these  phenomena,  it  ha3  been   supposed  that 
^liere  are  two  magfietic  fluitls^  that  is  to  say,  two  kinds  of 


(34T.)  Wliat  Is  X^^  action  of  ooe  ma^rnet  upon  another  t    Wliat  Ii  th«  ' 
of  tir«»  flaldfl? 

16 


rm)i 
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subttlo  matter  snrrouodmg  tlio  tnol^cules  of  the  i 
each  fluid  repeliing  ltd  own  kind,  smd  attracting  ^\ 
kind. 

According  to  this  hypothesis,  a  body  is  magnetizeil 
the»e  fluids  are  separated  and  driven  to  its  opposite « 
^  Itiea.    The  difference  of  the  two  poles  arises  from  tlien 


of  the  fliiids  which  pretlominate  in  thera  ;  the\ 
cootmn  the  Baoie  kind  of  fluid,  repel,  those  which  cofi 
opposite  kinds,  attract  each  other.  The  attraction  ao< 
pulsion  are  mutual. 

Another  theory  supposes  but  one  kind  of  magnetic  fluid,  aoi 
plains  (ho  phenomena  by  gupposing  this  to  exist  in  excess  at  one 
and  in  defect  at  the  opposite  pole.  Either  theory  cxplftins  thfl 
n^mcna,  but  that  of  two  fluids  ia  the  most  easily  appliedj^ 
that  ream>n,  solely,  it  is  adopted. 
_  The  cftTthy  as  we  shall  see  hereafter,  resembles  a  hng 
■  acting  tipon  magnetic  needles  in  the  same  way  that  magnetisw 


EieMl 


^When  U  %  body  magnetised  *ooordtiig  to  this  thwry  f 
^moH^g  th§ magnetic  action  qfths  tarlh. 


MS 

•lid  die  leatnl  lue  fifiirr  wtrj  bbuit  visk  tte  <«imisor.  Cob- 
a^neiiUjr  titt  iaii  vibick  m  i^fMci  i*  predocuBate  aeaf  i1k  wrui 
fokof  the  eaitk  k  calieA  the  iam^  A**^  a^i  imu  w^Kd  tt  «ap> 
POKd  to  piwImiBitr  bbv  the  Muh  paie  of  the  earth  is  ca^^ted 
tbtautnljimii. 

BeeauK  ^^«*i— ■**■'  palea  attnct  aai  amilar  nme»  repeU  it  &i^ w 
'^at  the  pole  of  a  halaMsd  mmsmeac  aeedle  vhkh  tnmt  to  vmivis  the 

'^^  mittt  contaiA  the  mtutwrnl  puL  whilst  the  ooe  which  tanw 

^^^trds  tiie  anth  HHi  cwum  the  6orMl /Mtf. 

^9.    The  ^^lowiiig   laws   hmve   been    suggested    by 
tneory  ju,^  oonfirmed  by  experiment : 

^*  Magnetic  pole*  ofcontrctry  names  attraei^  and  t/iose 
^  '^  «ai7i€  nonitf  rq^d  each  <Mer. 

^«  TAe  forces  ofaUradion  and  repulsion  both  van/  in- 
^^sely  as  the  square  of  the  distance  between  the  attracting 
^^  rtpeUing  poles. 

BCagnetio  and  BCagnetind  Bodies. 

849.  A  Magnbtic  Body  is  one  which  contains  the  two 
'^^agnetic  fluids,  but  in  a  state  of  equilibrium,  that  is,  bal- 
^^cing  each  other ;  thus,  iron,  steel,  nickel,  and  cobalt,  are 
^Uch  bodies. 

Magnetized  Bodies  also  contain  the  two  fluids,  but  tho 
difference  between  them  and  magnetic  bodies  Is,  that  in  tho 
former  the  two  fluids  are  separated,  each  produoitijf  an 
opposite  eflect,  whilst  in  the  latter  the  fluids  are  ooiubinrd 
and  produce  no  eflect.    In  a  word,  magnetic  bodioM  aro 


What  U  ihe  borealjhtid  t  7%6  awtraljluid  t  Which  tunu  UmanU  M«  noi'th  f 
Whyt  (348.)  What  is  the  first  law  of  magnetic  attraotloa  and  rcpulitlonr  Tho 
second  law  r  (  849.)  What  Is  a  ICagnetie  Body  t  Examples.  What  art  Msfnetlind 
Bodieor 
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lie  of  being  ntagnetUed,  but  are  not  yet  magneU;  M 
nl  aeiUier  p^Aes  nor  neutral  line. 

When  a  magnetic  substance  is  brought  into  ocmtacl^tV 
one  of  the  poles  of  the  magnet,  as  the  borral  |K)lii,  fur  ts* 
ample,  the  latter,  acting  by  its  attraction  upon  the  am\t<\\ 
fluid,  and  by  its  repuMon  upon  the  boreal  fluid,  BepjjraltJ 
them,  giving  rise  to  poles,  producing  a  real  magnet. 

If  a  magnetised 
bar  be  presented  to 
a  magnetic  body, 
00  an  iron  ring,  it 
converts  it  into  a 
magnet  in  the  man- 
ner just  described. 
If  a  second  ring  be 
presented  to  the 
first,  it  is  in  like 
manner  converted 
Into  a  magnet,  and  so  on  for  a  third,  fourth,  Ac,  Tb^ 
magnets  thus  formed  adhere  to  each  other,  as  shown  in 
Fig,  240,  If  the  bar  be  removed,  the  rings  cease  to  b^ 
magnetR,  the  chain  falls  to  pieces,  and  the  rings  sejjainte. 
This  mode  of  exciting  magnetic  pl»enomena  is  called  mag- 
netizing by  induction.  According  to  the  theory  of  two 
lliiids,  it  is  in  consequence  of  this  action  that  a  magnet  id^ 
capable  of  attracting  magnetic  bodies.  It  first  acts  b|1| 
induotion  to  convert  them  into  magnets,  and  then  it  attracti 
them  accordins:  to  the  laws  laid  do\\Ti  in  the  last  article. 

Fig.  241  represents  a  common  child's  toy.     A  small  Bwan  ina^« 
of  gliisa  has  a  piece  of  iron  in  its  head,  and  on  presenting  to  it  a 
niagnet,  the  swan  approaches  it,  swimming  along  ihe  f;urfac«  of 
water  upon  which  it  is  placed.     The  magnet  may  be  concealed  ift 


Fig.  940. 


How«re  magneti  prodacedT    Illaitratfl.    What  I*  ma^lutiQ  ladaetlolir 
«  on  Uie  two  flold  theory.    SiBplain  Hu  maQntUc  i 


of  tlin 
sdmfl 


ci  ietdiUg 


^^a.     The  force  required  to  gepamte  the  two  fluiils  in  m 
^^^^gnetic  body  is  called  the  Cokbcivk  Force. 

The  fluids  are  not  separable  with  equal  ea^^e  in  all  l»odi««. 
*^  some,  as,  for  example,  in  soft  iron,  they  yirld  easily  aiitl 
®^l>arate  ot  once  ;  in  others,  as  in  hardened  steel,  for  cxfUii* 
Pl^>  the  fluids  yield  with  difficulty,  and  a  ]>owerful  niAgiiol 
'^  Required  to  effect  the  separation,  and  it  is  eiftjct4»d  oul, 


^■3111^,.  a  greater  or  shorter  length  of  time.     Thv  hnnlcr  atui 


*^^tter  tempered  the  steel,  the  more  diHiciilt  it  boeom**!*  {%» 
*^I>arate  the  two  fluids. 


(  3Sa)  WhMt  h  Ute  Coenslrfl  Fofoe  i*    How  U  It  U  MttutviW  \km\V«»1 
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Ml.     When  a  permnais  magnet  is 

c^aii  turn  freely  in  a  hodzootal  diiiectioQ^  H  iMffumn 
ft5W  oik^Ubtionfs  a  detemnnate  direedoii,  vlndi  is  rer 
iiortJi  and  Bouth. 

Fig.  242  shows  tbe  man- 
ruT  of  balAncing  a  needle, 
and  ijjilirates  the  north  and 
H4>iJth  direction  which  it  as- 
MumcH,  In  this  figiiro,  as  in 
all  others  illustrating  the 
•libjeet  of  magnetism,  the 
pol*^  which  contains  the  aus- 
(ml  flnicl  is  designated  by 
tht*  li'lter  -'i,  whilst  thsit 
wliitJj  eon  tains  the  boreal 
fluid  b  di'rtigiiated  by  the 
ii»ft«r  /?. 

It  will  h(^  noticed  that  it  ■ 

'J»»  till*  aiistnil  pole  which  turns  towards  tbe  nonhj 

tnumirnttk    (^41.)  Wlmt  dlrecUon  does  h  fr«a  ma^ot  fiko?    How 
Iwl^Hcn**! }    U  whftl  ©tbtff  wiy  may  It  b«  bftlancod  f 


Fig.  s;42.  1 


is*  When  a  balanced  mBgiietic  needle  ootnes  to  a  sttit<!) 
pst,  h  points  out  the  line  of  miignetic  ni>rth  and  8i>ulli. 
{ibne  be  passed  through  the  needle  li  this  j>osition  and 
centre  of  the  earthy  it  is  called  tlie  plane  of  the  ma^ 
p  meridian^  or  simply  the  magnetic  meridian. 
his  does  not,  in  general,  coincide  with  the  phuie  of  the 
I  meridian^  which  is  determined  by  a  plane  passiii^&; 
'ngh  the  place  and  the  axis  of  the  eaitli.  The  angle 
jh  the  magnetic  meridian  at  any  place  makes  with  iho 

f 

r  Ift  It  dioirn  tluU  the  Hukgnetic  force  Is  ilmply  i1iT«ot]To  r   Wbut  U  tb«  41r9«ttvi 
Whif  hd$  the  4art^  heen  rtgar^Ud  a«  a  maffnU  f     Wh4r4t  ar«  (tt  pal9t  f 
I  the  niasii«t[o  moiidluiT    What  Is  thfl  decUnitloii  of  ttko  Aowllaf 
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true  meridian  of  the  eame  place  is  called  the  declination  of 
the  needle.  In  ehort^  the  declination  of  the  needle  is  i** 
variation  from  tme  north  and  south.  This  is  different  at 
different  places  on  the  earth,  and  even  at  the  same  pto  ^ 
different  times. 

Wlien  the  north  end  of  the  needle  points  to  the  east 
true  north,  the  declination  is  said  to  he  to  the  east;  wheu^ 
the  west  of  true  north  the  declination  is  said  to  he  to 
wesL 

There  is  a  line  running  from  near  Cleveland,  Ohio,  ^^ 
Charleston,  8.  C,  along  which  the  needle  points  to  the  true 
north ;  this  is  called  a  line  of  no  decUnation. 

The  line  of  no  declination  h  traTelling  elowly  to  tbo  westwaHl  ** 
a.  rate  which  wonld  carry  it  arotind  tbo  globe  in  about  IftOO  yeft^^ 
For  all  points  of  the  United  Stales  east  of  the  line  of  no  declinatio"* 
tbe  declinalion  of  tbe  needle  is  to  tbo  west ;  for  all  points  to  tl'^ 
wes^of  it,  the  declination  is  to  the  east ;  that  is^  the  north  end  ot 
tbe  needle  in  all  cases  is  inclined  towards  the  line  of  no  didtnatt^ff' 

For  all  points  in  the  United  States  to  tbe  east  of  the  lioe  of  ^^ 
declination^  the  declination  i»  slowly  increasing,  whilst  for  all  poio^ 
to  the  west  of  it,  the  declination  is  slowly  decreasing. 

Besides  this  slow  change  in  declination,  the  needle  under- 
goes slight  changes,  some  of  which  are  pretty  regular  nml 
others  very  irregular.  In  our  latitude  the  north  end  of  tbe 
needle  moves  towards  the  west  during  the  early  part  of 
every  day,  through  an  angle  of  10  or  15  mumtes,  and  movW 
back  again  during  the  latter  part  of  the  day.  Tliis  is  caM 
the  diurtial  rariation.  In  tlie  southern  hemisphere  thtf 
motion  is  reversed.  There  is  also  a  small  change  of  simile 
character  which  takes  place  every  year,  called  the  annttd 
variation. 


When  i»  It  to  the  east  F    To  the  w*»tf    What  ts  the  Hae  of  no  deeltmitimi  f   /M 

^    How  d(m  the dccMnatioiv ^ai^  4rt tJk*  UuUed  SiUtlMl    ^>«x  V K^mtd 
ion  f    Tht  annanl  Yarlmioiit 


COMP. 


I^rtQgular  changes  are  called  periurhatums.     They  UBiiaUy  take 
y  during  thunder  storms,  dtinug  the  appearance  of  the  aurom 
Llis,  uDtl   in  general)  when  there   U  any  sutUten  change  in  tho^ 
*^ctrical  condition  of  the  atinot^phere* 


Fig.  243  represents  a  compa«8.  It  consista  of  a  compass- 
box,  having  a  pivot  at  Hb  centre^  on  which  ia  poised  a  di^licate 
manrntptic  needle.  Aronnd  the  rim  of  the  box  is  a  graduated 
circle,  whose  diameter  is  somewhat  less  than  the  length  of 
the  needle,  and  of  which  tlie  pin  is  the  centre.  The  pin  is 
of  hard  steel,  carefully  pointed  ;  a  piece  of  hard  stone  is  let 


What  ar€  pmurhaU4m%f    lUutiraU    (»«».>  Wbatt* a  CooipsMf    1><Miri1»lt 
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into  the  needle,  in  which  is  a  conical  hole  to  rest  upon  ih 
pivot,  to  dimmish  the  triction  between  the  needle  and  it« 
support.  In  additiun  to  the  graduation  on  the  cirde,tlif 
bottom  of  the  box  U  divided  into  sixteen  eqiml  part*,  in- 
dicating the  points  of  the  compass. 

Thii  toslrument  under  various  fornis  is  nsed  for  a  erreat  Tamt^'of 
pofpoaei.  It  is  nsed  in  nnvigation}  in  surveying,  and  is  of  in^ 
portanee  to  the  traveller  and  explorer^  to  eay  noihins;  of  its  ^tf^  ^ 
mitting. 

The  masrnetic  declination  at  any  place  may  easily  be  found  wN 
the  true  meridian  i»  known.  Lei  the  compas«  he  «o  placed  thot  lfe> 
line,  NSy  coincides  with  the  true  meridian,  then  when  the  nwdl* 
comes  to  rest,  the  reading;  under  ihe  head  of  the  needle  will  be  iKfl 
declination  required.  In  the  figure,  if  we  suppose  NS  to  be  in  1^' 
true  meridian,  the  declination  is  19**  west. 

The  Dipping  Needle* 

3M*     Wlien  a  steel  needle,  mounted  as  shown  in  Fig-  J 
242,  is  carefully  balanced  before  being  magnetized,  it  ^  ■ 
founil,  nfter  being  magnetized,  to  incline  downwards  or  to 
dip,     Tliis  dip  is  towards  the  nomh  in  our  latitude,  that  % 
the  north  end  of  the  needle  dips  or  inelioes.     The  defect  of  ■ 
dipjnng  in  the  compass  h  remedied  by  making  the  other  erf 
of  the  needle  a  little  heavier,  by  adding  a  movable  weig^i^i 
as  a  piece  of  wire  w^otind  round  the  needle,  and  capable  of 
sliding  along  it. 

To  show  the  dip  and  to  meaanre  it,  the  needle  is 
raoonted  in  the  way  indicated  in  Fig.  244.  The  needle  is 
suspended  on  a  hofizontal  axis,  so  that  it  can  move  up  and 
down  freely,  and  the  amount  of  the  dip  is  indicated  by  a 
graduated  cirde  or  quadrant.  The  dip  indicated  in  the 
figure  is  54°,  which  is  the  angle  made  by  the  needle  witL 

^tliftt  U  4tJi  Mtset  ITmc  i*  thi  9nffgtiftic  dtcUntition  found  nt  anf  plof^f 
f  36'*.)  What  fs  a  dipping  needle?  ITow  ta  Uio  <»omp«M  iie«dte  pryroltd  tnm 
fllRni^g  y     Ho  w  U  the  dip  BhowB  and  mearare^l  I 


At  any  place  the 

the  greatest  possi- 
ihe  needle  vibrates 
te  of  the   magnetio 


increasing  as  we  ap- 
tn&gnetic  poles  of  tho 
fhe  dip  is  90*" ;  that  is, 

perpendicular  lo  Ibo 

iabjecl  to  irregularitiea 

I  to  those  of  the  declina- 
ioount.  of  the  dip  u  an 
jBfnent  in  forming  a  cor- 
f  the  laws  of  torreatrial 
Liid  for  this  reason  many 

have  been  made  and 
ring,  tj  determine   it  at 

ces,  and  at  different 
Lmc  place. 


iBons 


t  If  P  A  RT  I  N  G 


Magnetizing  by  Terrestrial   Induction, 

\ 

I  MAGNiTTZE  a  body  is  to  impart  to  it  the 
if  a  niagnet ;  that  is,  to  impart  to  it  the  proper- 
ing  magnetic  Ixtdies. 

substances  that  can  be  permanently  magnetized, 
I  the  compound  oxitle  of  iron,  which  constitutes 
ne.  A  body  capable  of  being  magnetized  may 
into  a  magnet  by  the  inductive  influence  of 


7  9aryf   I»  U  iiubJMit  $o  trr4fftttarUi4sf    (  aSS.)  What  ia  tomdA 
idy  T    WhAi  BulwlBJiQei  cfto  bo  pemuwefit'y  motfEustlsed  ? 
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Iho  vwrthf  or  more  rapidly  by  heing  rubbed  br 
mAgni*!,  or  ftually,  by  the  action  of  electridiy,  inwliidic 
i\w  operation  is  instatiUineous. 

Tbo  inagncUc  oro§  of  iron  may  exist  as  magnets  inthsoi) 
ptalr,  or  ihcy  may  j»06HC«a  no  trace  of  magQetio  action*    M " 
ftro  highly  ftUMoepUbki  In  rnagneiic  influence^  and  once  inftg 
they  rot&in  Ihoir  inasnotic  action  by  virtue  of  their  strong 
foroe. 

Natural  magnets  owe  tUeir  magnetUm  to  the  alow  action 
of  ihty  i»artl^  which  separates  the  two  fluids  in  them, 
uiiigtR'tie  action  of  the  earth  Is  so  great  as  to  be  used  I 
cessfully  in  forming  artilicial  magnets. 

To  USL»  thii*  priuciplc,  we  place  a  thin  bar  of  iron  in  tin? 
magnetic  nieriiliMJi  and  incline  it  to  the  horizon  by  an  ttngl»? 
equal  to  the  di[i.  In  this  position  the  earth  acts  upon  it  by 
tiiductioM,  driving  the  austral  fluid  to  the  lower  end  (in  out 
latitude),  and  the  lx>real  fluid  to  the  upper  end. 

Tlie  Muignotisiui  thus  induced  b  only  temporary,  for  if  the 
bar  bt^  mcjvtMl  from  its  j>t:»sitiou,  the  two  fluids  return  to  a 
state  of  t'qnililjriuni.  If;  however,  when  the  bar  is  in  po^ 
tion,  it  be  struck  smartly  by  a  hammer,  or  if  it  be  violently 
twisted,  suflieient  coercive  force  may  be  developed  to  retain 
the  induced  magnetism  for  a  time.  I 

8*50*    Bars  of  steel,  and  needles  for  compassea^  are  usually 
magnetised  by  rubbing  them  with  other  magnets.     Thu. 
three  methods  are  called  the  methods  hy  singh  toii<-Jh\^i\ 
Beparate  tmtch^  and  by  double  touch. 

To  magnetise  a  steel  bar  by  single  touchy  we  hold  ih 

I      ^etiaitkm  of  thes«  <mi«  flue  P    How  aro  bars  tnAgnnt{te4  by  th^s  prtncitrlef    (>*4 
1       «ow  in»7  bart  of  tt«el  w  m8giwUx«d  •    Espial B  t^  lOftbod  of  dnjle  towjh. 


r  to  be  magnetized  iii  one  hand,  and  Mrith  the  other  we 
over  it  a  powerful  bar  magnet,  as  shown  io  Fig,  245. 
r  several  repetitionc  of  tliis  process,  the  steel  is  fournl  to 
^l  the  properties  of  a  magnet.     These  properties 


Fig.  245. 


,lie  more  dm-able  in  proportion  to  the  hardness  of  the 

)  magnetize  a  steel  bar  by  separcfte  touchy  we  nib  li  m 
direction  with  one  pole  of  a  magnetized  bar,  and  lu  toe 
►site  direction  with  tbo  opposite  pole. 
)  magnetize  a  body  by  dou^e  touchy  we  make  use  of 
magnetized  bars,  which  are  placed  with  their  opposite 
I  in  etui  tact  with  the  bar  at  its  middle  point,  being  orly 
rated  by  a  small  interval,  as  shown  in  Fig.  246 ;  the 
^ined  bars  are  then  moved  alternately  in  opposite  diroo- 
I  to  the  two  ends  of  the  bar,  and  the  operation  is 
ated  several  times.  Care  must  be  taken  to  apply  tbo 
J  nmnber  of  touches  to  each  end  of  the  bar. 


k. 


Of  MptuTfttA  tmi  ek.    Of  donlik  tou«li. 


The  method  of  magnetizing  by  electricity  will  be  treated 
of  under  the  head  of  electrical  currents. 


Bandies  of  BSagnets.— AixiuitiirM. 

g.lT,  A  Bundle  of  MAGNirrs  consists  of  a  group  of 
magnetized  bars  united,  so  that  their  poles  of  the  same 
name  may  be  coincident. 

Sometimes  these  bundlcj^  are  composed  of  straight  bars, 
like  that  shown  in  Fig,  245,  and  sometimes  they  are  carved 
in  the  shape  of  a  horse-shoe,  as  shown  in  Fig.  247. 

Magnets,  if  abandoned  to  themselves,  would  lose  in  * 
short  time  much  of  their  power ;  hence  it  is,  that  tff««* 
itt7'es  are  employed. 

An  Armature  is  a  piece  of  soft  iron,  placed  in  cont«^ct 
with  the  poles  of  a  magnet.     Thus,  ah^  m  Fig.  247,  >»  ^ 

(  •  6  T.)  Wbjii  U  n  Bandlc  of  Mii«imu  T    Wluit  li  an  A  rm&tiaT«  T 
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|°6  poles,  acting  by  induction  upon  the  armature,  conver 
a  into  an  austral,  and  h  into  a 
''^real  pole.    These  two  poles  re- 
acting upon  the  poles  of  the  mag- 
^^^)  AB^  prevent  the  recomposi- 

^*on  of  the  two  fluids,  and  thus 

P'*e8erv6  its  magnetism.     The  ar- 

'^tore    is    sometimes    called    a 


^f  Weights  be  attached  to  the  keeper 

'^1  it  separates  from  the  magnet,  we 

^  from  the  number  of  pounds  ap- 

P**®^)  jndge  of  the  power  of  the  mag- 

J>et. 

'or  many  kinds  of  magnetic  experi- 

^^m  the  horse-shoe  form  is  preferable. 

'  >«  also  the  form  best  adapted  to  the 

application  of  an  armature  or  keeper. 

The  most  powerful  horse-shoe  mag- 
^^^  are  formed  by  means  of  electrical 
^^>^ents.  Magnets  of  this  kind  have 
^ti  constructed  by  Prof.  Hbnry,  of  the 
- '^thsonian  Institution,  capable  of  sus- 
^•ning  a  weight  of  more  than  a  ton 
^*id  a  quarter. 


1  ig.  247. 


-^  keeper?    How 


we  judge  of  iKe  power  qfa  mafftut  t    What  are  the  ad 
mafffutt 


r 
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all  of  the  knowledge  had  on  Ihe  subject  until  the  end  of  tke 
■^^teeiith  century*  when  Wij.liam  Gilbert,  an  Englishinan,  called 
^^^^>^  the  attention  of  scientific  men  to  the  properties  of  amber^  and 
^Puoij^ed  that  a  great  number  of  other  sybstances,  such  as  glass,  resin^ 
i^^^^j  sulphur,  and  the  like,  acquired  the  power  of  attracting  light 
■bodies,  on  heing  rubbed  with  woolen  cloth  or  cat- a  skin. 

To  repeat  these   experiments,  rub  a  tube  of  gla8«  or  a  stick  of 

^^iVng-wax  with  a  piece  of  woolen  cloth,  then  prettenl  them  to  light 

^*<liegj  as  8hreds  of  gold  leaf,  barbfl  of  quilk^  or  fragments  of  paper, 

^m  ^^^  the  latter  will  be  »een  to  approach  and  adhere  to  the  excited 

^H  ^aas  or  sealing-wax^     The  manner  of  making  these  exi>erimeiita  i:* 


It  will  be  seen  here 

^^■fler,   that  resin    and 

^er  substances  named 

^bove,  not  only  develop 

forces     of     attraction 

when  rubbed,  but  aleo 

they  become  luminous, 
emit  sparks,  and  dis* 
play  a  number  of  other 
properties,  all  of  which 
are  known  as  electrical 
phenomena. 

Since  the  beginning 
of  the  seventeenth  century  the  progress  of  discovery  m  eletstrioity  has 
been  rapid,  and  a  multitude  of  new  facts  have  been  developed,  which 
have  been  so  well  studied  as  to  form  a  very  extensive  branch  of 
natui  dl  science. 


I 


Sources  of  Blectxicity. 

30O.  The  sources  of  electricity  may  be  divided  into 
three  classes ;    Mechanical,  Pk^aiecUj  and  Chemical, 

The  mechanical  sources  are:  /rictiony  pressure^  and  separ- 
ation  of  tfm  mokettks  €>/  bodies.  When  a  piece  of  sugar  is 
broken  suddenly  in  a  d;irk  room,  a  feeble  light  h  observ^able. 


I 


Sxplain  Gn.Bm«T*B  soBpeHmsnU,  and  Uu  mcinn«r  ofm&hinff  fh^m.   ( 3 90,)  llflitti 
s»  the  prindp»l  AourceA  of  ftkotiiolty  T    What  are  the  mecbakitlcvl  SQoroea  I 


h. 


^i 
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which  is  due  to  the  development  of  electridty  at  ^ ' 
tiieiit  of  separating  the  molecules. 

The*  physical  sources  are  varicUions  <^temp«fizlvnjl 
the  Ukc.     Some  minerals,  particularly  toarmaUne  audi 
manifest  electrical  phenomena  on  being  heated  or  ooo\ei 

The  chemical  sources  arc  chemical  compositions  andJe- 
compositions  of  bodies.  Metals^  like  zinc,  iron,  and  copp«i 
when  plunged  into  adds^  are  attacked  by  them,  fonniDg 
c47mpounds  known  as  Baits.  During  these  comhmaUoM 
considerable  quantities  of  electricity  are  developed. 

Tho  rooet  powerful  of  the  cfLunea  of  electrioity  are  fridm  ^ 
chemical  action.    These  will  be  studied  in  their  order. 


f 


Blsctrotcope*— Electrical  PendulniiL 

sei.  An  Elbctroscopb  ia  an  apparatus  for  fihowicg ' 
when  a  body  is  electrified. 

The  most  simple  electroscope  is  the  Electrical  Pek- 
DULUM,  which  consists  of  a  small  ball  of  elder  pith,  suspended 
by  a  fine  silk  thread,  as  shon^  in  Fig,  249.  The  thread  is 
fastened  to  the  up|:>er  end  of  a  stem  of  copper,  which  stem 
has  a  support  of  glass. 

To  ascertain  whether  a  body  is  electrified  or  not,  the 
pendulum  is  presented  to  it ;  i^  it  is  electrified,  the  pith  ball 
will  be  attracted,  otherwise  not.  When  the  quantity  of 
electricity  is  too  small  to  produce  sensible  attraction  upon 
the  pith  ball,  more  delicate  instruments  are  sometimes  era- 
ployed,  called  elcciromeiers. 

Two  Idnda  of  EleritriGity* 

362.  That  there  are  two  kinds  of  electricity,  may 
fill  own  by  the  action  of  glass  and  resinous  bodies,  after  bei 
nibbed,  upon  pith  balls. 

Wli»t  1«  the  chlof  pti3r&1cal  intiroe?  Tlifl  chemical  iioiinse«?  WhfOi  U  OU  imd 
Pote^rftd  eaum  of  tUeiriciiyf  (361.)  Wlwt  \&  an  Eketmsoope  f  I>«»crtbe  Hi* 
^•leotrical  Pendulmn,    Haw  ui«d  t    ( 36a.)  How  manjf  klndi  of  *loctrtdty  ire  UwwT 


I 


^^XDAMENTAL    PRINaPLEa    OF    ELECTRIcnT. 


379 


tube  of  glass  be  rubbed  with  u  piece  of  cloth,  and 
presented  to  the  electrical  pendtilitni,  the  pith  ball  will 
^  be  attracted,  and  after  a  short  time  it  will  be  repelled, 

povm  in  Fig.  250.     The  ball  is  then  charged  with  the 

:  kind  of  electricity  as  that  in  the  glass. 


Fig.  S49. 


Fl-  «5ft. 


now  a  piece  of  a  reeinons  body^  as  sealing-wax,  be 
bbed  with  cloth  and  brought  near  the  excited  pith  ball, 
le  latter  is  immediately  attracted  to  the  former.  In  like 
jknner,  if  the  sealing-wax  be  fii^st  presented  to  the  pen- 
Mum,  it  mil  be  attracted  and  then  repelled.  If  then  the 
lass  be  brought  near  the  jiith  ball,  attraction  will  be  ob- 
n'\^ed.  This  shows  that  the  at^tion  of  elcetricity,  as  dcve!- 
ped  in  glass  and  resin,  is  different,  the  one  repcUing  when 
le  other  attracts.  This  fact  was  discovered  by  Dufay, 
I  1734. 
The  electricity  developed  in  rubbing  glass  with  a  piece  i 


► 


How  1a  U  fthown  tbAt  than  are  two  Wnda  f 


tketficiff/y  that 
with  the  gilk. 


Flnidi. 

IW  ^mrnkmy  «f  Ottat  gare  rise  to  the  tbeor^  I 
Yttdi  HI  mex^ted  bodies  exk  ini 
■■■Kg  wkfll  it  caillecl  a  neutral  fiHd  I 
t^%  fftaA  men^oir  of  this  fluicl,  whidi 
m  fiyiilkjji  ;  hence  bodies  whidi 
1 1»  V»  MaltaL  If  by  fi^ction,  cbeior 
■M^  A«  atttiijJ  fluid  is  decornpo^li 
deetxioil  phenomena  are  at  I 

I  fint  MOMd  Iil0  tiireouB,  nnd  M« 
1^  l«i  wtm%  reoevt^  tliey  hare  been  callt^^i 
mi  At  ■ijaii^t  Mds ;  the  vitreous  being 
^  mA  lim  nifiwBdii  nq^ve.      These  nAmes 
Iqt  numcus  liiir  iMiter  to  express  their  op- 
IW  jKijiBm  §aU  is  oficn  indicated  by 
^  ^,  ^jiinl^  Mi  liM  ai^plitv  And  by  this  gign, '1 


IW  l^iniiiiMiiJi  ^f  Pm  iflife  "W  in*  i»«l«  bj  SmitKR,  tod  l^ 
Nilit  «»  ilii»  irfilifWMi  ff  tfac^rieity  iwiiti  in  separating  iK 
M  ftMii.    WkMi  fini  ••  wiihei  mdi  «Ik,  Um  positive  fluid  of  tl 
Pi  fM»  l»  te  ilmi,  ^itiiii  ll»  ■itfitiTe  fluid  ^ime  to  tbe  sill 
Qmi  «MlMif*iPU  »  riiJM  vidi  alk,  Ike  re^rerae  is  the  oue^ 
ipitv»  AmI  fM»  to  tlie  TOsuMitt  bodf  ^^  tli^  positive  fluid  to  lb 


It  ti  lo  W  okverrii  tkal  «11  of  tiM  pheaomoM  oui  be  equally 
expltn^i  by  ^e<  tiMVf  fff  a  sitt^le  floi^.     This  is  the  tbeorf 
FusKLOt^  fttti  if  m«  oihera  to  iIm  hypothesis  of  two  dui(L% 
I  it  11  nMwo  ooaily  applied  than  lh«t  of  oim  fltiid. 


i 

lbs 

1 


Wktf  «f«  tWf  oiled  1    <3CS)  W^«tltl^M«tnl  t«ia«    WImb  aT«  ektftrM 
^^  ~    f>ro4need*    Wbftt  «tb«r  Bwnc»  am  0Tcn  tn  tbe  two  tialds?    Ufi«  «n 
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lAiTft  of  Slectrical  Attraction  and  RepuMos* 

The    following^    laws    have    been    deduced   from^ 
Diy,  and  confirmed  by  experiment : 

.  Fluids  of  tilt  same  mxme  repei  each  other  ;  fluids  of 
mte  names  attract  each  other. 


.  The  intensities  of  the  attractions  and  repulsions  vary 
fersely  as  the  square  of  the  distances  between  them, 

OoniiiietonL  —  Inmilaton. 

MS.     CoN'DtrrroES,  or  conxhicting  substances^  are  those 
lich  permit  electricity  to  pass  through  them, 

IjrsuLATORS,    or    non-conducting    sitbslaneesy   are    those 
lich  do  BOt  permit  electricity  to  pass  through  them. 

Gray  obsenred  that  electrified  bodies  returned  iiiBtantly  to  a 
mtral  Btate  whefn  brought  into  eon  tact  ^nth  Ih©  earthj  or  when 
:ed  upon  supports  of  metal,  woo<l,  stoney  or  any  moist  substance 
atever.  He  ako  obgerved  that  they  remained  in  an  oleclrified 
ition  for  a  Jong  time  when  placed  upon  supports  of  gJass,  Tesin, 
^hur,  or  when  PUBpend*^  by  sillcen  cords.  From  these  facts,  he 
acluded  that  metals,  wood,  stone,  and  the  like,  permitted  the 
itricity  lo  pa*;fi  freely  through  them,  whilst  glairs,  rosin*  lulphur, 
id  the  like,  opposed  its  passage.  He  also  inferred  that  tho  latter 
^s  of  bodies  was  not  entirely  incapable  of  conducting  electricity, 
that  they  were  extremely  poor  conduotora.  When  an  electrified 
iiy  [g  surrounded  by  non-eonductors  it  is  said  to  be  insulated^  and 
f  n on- conducting  support  of  an  electrified  body  in  iherefore  called 
insuiator. 

The  befit  conductors  of  electricity  arc  the  metals ;  after 
sc  come  plumbago,  well  calcined  carbon,  acid  and  salints 


d64.)  Wliat  Is  the  first  l&w  ^>f  attraotlcin  oiid  rapulston?  The  tecond  lawf 
.)  What  iiro  Conductors  ?    Inaulatora  or  noa-oonductora  ?     What  observationM 

r*  madt  &y  Oilat  T  Whtft  U  a  body  intulaUd  f  Wh^k  mi-«  the  b««t  oondaoton  T 
lnor4«rf 


WMff^^ 


r^iar  «ilb«r  m  m  Bqdd  or  vapcfooi  fini[.:k1 
nil  iMOM  yr  kiani 


uHiik  air,  Bml  d^mi^  u  hi-n  perfotJy  diy. 


bodies  are    electrified  <mlf  ^ 
auqr  Iw  efeetiiBed  ehber  l^fiiliiir  j 

li»  alimi^  a  ttw^  it  raost  beinsokted;  ikitiirl 
W  iMmMMMlid  by  Boa^oonductiiig  Wiles,  and  M 
W  fuMihl  bv  m  iDMlblea  body. 


Wertf' 


TIkMi  Mitr  W  lAolai  ^  aMftUJii  the  m«tal  upon  aitaDdof« 
itti  wtli^ilj  il  wiAi^  «  iiiin  ffimditclor,  socJi  as  a  piece  of  nlk. 
Iln  iiMitel  wl  liigiitHt<  t^  #l«clr(city  would  itow  off  to  the  earth  n 
tel  aa  laiitiftait  afeil  wara  llie  rubbing  body-  not  a  non-conditctor, 
Ht  akftmily  mmM  iav  9$t  thruugb  tbe  hands  and  arms  of  the 


TW  inittiod  of  tliiliM^ipg  l\v  contact  depends  upon  tie 
ptoptftT  €kt  ipmdlMlblKty.  If  a  conductor  is  brought  in 
mMHK^  ^Xh  an  abctoMkHl  bcnly,  a  portion  of  the  electricity 
<|f  lllii  latter  at  0IK»  flonK  into  the  former  body.  If  tlie  two 
hMm  an^  exaetljr  alike,  tho  electricity  uill  be  equally  difr 
ll{)»iit«d  owr  both*  If  they  differ  in  size  or  in  shape,  tbe 
electricity  will  not  bo  inprnlly  distributed  over  both* 

llie  aietbod  of  eliM^trifyin^  bodies  by  induction  is  wniill 
to  that  of  masrnetiiing  bodies  by  induction,  and  v^iW 
treated  of  hen^er. 


The  wont  eotiAnctonf    (366.>  iTow^  arc  non-condnctore  etectHi3«4f     C*»  < 
4iieliin  b«  ele«triQ6d  by  fHetion!    ffottf    How  are  bodiei  elootrifled  hf  eonH 


FUNDAMENTAL    PBTNCIPLES    OF     ELECTRICITY- 


38a     , 

iecl  ™ 


AccHTrmlatian  of  Electricity  on  the  8iir£iC6  of  Bodies. 

367*     Experiment  shows  that  when  a  body  Ls  electrilied, 

'"■^e  electncity  all  goes  to  the  surfiicc  of  the  body^  wljere  it       i 

Exists  in  a  thin  layer,  tending  continually  to  escape.     It  fl 

^<ityally  does  escape  as  soon  as  it  finds  an  outlet  through  a       t 


^<Jnd acting  body. 


H      Of  the  various  experiments  intended  to  show  this  fact,  we 
^  select   one   that   wm  first    performed   by   Coulomb,      He 
mounted  a  copper  sphere  upon  an  insulating  rod  of  glass,  as 
6ho\^'n  in  Fig.  251,     He  then  provided  two  hollow  hemis- 
pheres also  of  copper,  which,  when  put  together,  exactly 


Ftg.SSl. 


I 


(  767.)  Wber«  la  tba  electrldtj  of  a  ho6j  toaH'l  f    Ixt^lAtu  CofTLOMs'i  ex^ertintnL 


rOPULAB 


fibril  lli(  iril  iy)M9i\  Mid  those  he  tomilited  Iqr  itadffl|] 
ibMA  Kk  (fbrti  lMndhi»     Having  pLtcecl  the 
m  1^  co^^ieliit  soM  upberr,  Uv  brought  the  wbofei 
In  <sammcK  iriili  «n  obclriticd  body  till  it  was  Mj  i 

On  fVMNiraiB  ihi  «p|Minttiis  fVorn  the  electrified  M|3%| 
it|»igtut  iIm  lin»  kwdipliere^i  abruptly,  and  spfdiedtiii 
ll  Ivrti  ili^  ^lectricdd  pendulum,  when  he  fotmd  that 
wm%  dtm<it4    On  Mtting  tlie  aolid  sphere  Id  like  i 
h%  «mM  JIbCiwriir  no  Imoe  of  electricity  ;  m  other  woi^J^ 

hk  tdk^g  aiviiy  frcm  the  Ixidy  its  outer  eoatiDg,  he  lad 
i'ffww<wt4  ft^eny  ptutklt  of  it«  elet'tricity,  which  promd"* 
Mm  tilodlrkiK^  ^rm  ffniiivly  upon  the  surfhce. 

Kwitikm  Ami  m^tkk  MmtM  Um  ume  conoluaion  is,  that  a  b«U«« 
Mli  m  wM  miHnntf  ib^  ittiM  Ma  mnd  of  the  s&me  material^  will^ 
It  MHM  ^ntitity  of  eleetncitjr  when  made  i^ 
MM  tlaotricd  «f>Qree. 

Whm  rtii^  «l<?ctHe  fluid  b  accumulated  upon  the  sTiAee 
of  «  Witijr^  it  te4w}$  to  09on|K>  with  a  certain  force,  which  ifl 
iiMHde4  lite  «eim<M«^ 

TV  t^MiMNMi  nKHniNim  with  Vnti  quantity  of  electricity  B«cQmii- 
^  WMfif  M  It  iAo««  ikH  paas  a  ecrtain  limit,  it  is  held  by  the 
'•f  Um  ftir^  but  if  lh«  tfustion  passes  tliis  limitj  the  elw- 
tHoitlf  tMiiftt  wMl  n  <ori«iElint  n^iix'  am)  a  brilliant  light  called  the 
tkttrit  9ftt9k,  In  niMt  «ir  Um  t«iiBion  is  always  feeble,  because 
lit»  tItOtlioity  i«  alowly  «H»KyBd  away  by  the  moieiture.  In  & 
,  llMff^  ii  M  litMlaiiea  to  the  eseape  of  electricity,  and  tba 
t  li  ttftttiifit*  tV  ^teo^ictly  in  thit  eaAo  flows  off  as  fast  «» 
aldl,  with  a  fheblo  lig hC 

AM  of  Iho  Poena  of  Bodj—i  —  Pow^t  of  B 

S68.    The  distribution  of  eleotricity  over  the  surfece^  < 
bodies  depends  npon  their  form.    If  a  body  is  spherical,  th^ 

W^0ifit^!tem{firmMCiimAm3\«»meimtihmf  Wbat  U  the  tens)  oa  r  WkMitihi 
^J«Ko^partf  WAy<tfl«t«Ml(pa>«M#«tiM>i«C4Hrf  Ima^aemtmnt  (3M4 
^hatefltbetbMtheftmnorKlMkljf  ■ 


DAMENTAL    PEIXCIPLES    OF    ELECTRrClTr. 


\na\\y  distributed,  as  may  be  shown  by  an  instru- 
d  a  prooj'j/iane, 

»plan6  contsifitB  of  a  disk  of  gilt  paper  attached  to  the  fiid 
gumlao,  which  insulates  well.  Taking  the  rod  in  lie 
wn  in  Fig.  252.it  is  applied  auccestiively  at  diflcreit 
(plcotrified  inirfaoe,  a ud  after  each  contact  it  is  pre>ejitid 
Bal  petidultim. 


Fig.  2S«. 

leetrified  body  is  a  sj>liere,  the  same  amount  of 
for  the  pith  bull  is  sbowm,  wherever  the  contact 
ude;  tliis  shows  tliat  tlie  proof- plane  ia  equally 
]  every  point  of  the  sjiliere,  nnd  consequently  it  is 
lat  the   dii^tributiou   is  unifonu   over   the  whole 

le  body  is  elonsfated  and  pointed,  as  in  Fig.  262, 
»alts  are  obtninod.    In  this  case  the  proof  plane 


What  U  a  proq^pians  t    How  oMd  f 
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POFFIAS 


ii  more  UgUjr  charged  mt  tlie  diarp  cod  of  tlie  kdjtte 
ml  any  other  point,  showing  a  larger  aoioaiil  of  ekctmiyi] 
the  pobt  than  ebewhere.    In  gciieral»it  niajhe  riioitll 
the  greater  the  cur\  atttre  of  a  sorfiiee  at  any  port,  1 
iha  naarer  it  apivroaches  a  poiadf  the  greater  will  1 
^ftooomnfaition  of  electricitjr  there.    Thk  duovi  lldti 
triuity  tends  to   acciimnlate  at,  or  to  flow 
IKjinted  portions  of  bodies. 

The  iM5cumulation  of  eleclrieity  at  points  gires  rue  to  &  j 
lonnoD)  which  ta  safficient  to  ov^ercome  the  resktanee  of  tta«  i 
to  giTO  1100   to  an  escaping  current.     In  fact,  metallie  1 
pointed  ihape  Koon  loae  the  electricity  imparted  to  thera,  i 
the  eftoaping  current  may  be  felt  b^  placing  the  hand  in  front  fl 
point.     If  the  flow  takes  place  in  a  darkened  room,  it  majbe  ^^ 
oorered  by  a  feathery  jet  of  faiot  light. 

The  property  of  points^  or  the  power  of  points,  a»  it  U  called,  vu  J 
noticed  by  Frankly  and  made  use  of  by  him  in  hia  tb€Ofyof  J 
lightning-rodi. 


II. — FaiKCIPLK      OF      INDUCTIO*. 


IndmcHoiL 

IIII0.  If  nn  insulated  conductor  in  a  neutral  state  i« 
brought  near  an  electrified  body,  the  fluid  of  the  latter 
acting  upon  that  of  tbe  former,  decomposes  it,  repelling  the 
fluid  of  the  same  name,  and  attracting  tlmt  of  a  contrary 
name.  This  operation  is  called  bo>DcnoN,  and  it  may  talic 
place  not  only  at  considerable  distances,  but  also  througli 
non-con  ducting  bodies,  such  as  air,  glass,  and  the  like. 

The  method  of  electrifying  bodies  by  induction  is  abo^ 
ill  Fig.  253.  On  the  right  of  the  figure  is  the  prime 
ductor  of  an  electrical  machine,  which,  as  we  shall  see  ben 
after,  ig  charged  with  the  positive  fluid.     On  the  left  iai 


What:  (.ffbet  bos  n  pointed  (bnn  T    ZM»oitf«  IM  P'^otr  otpoinia.    (  31111.1 


DTDUCnON. 


Metallic  cylinder  with  spherical  en  da,  and  BUpported  by  m 
^^d  of  glass,  Attyiched  to  its  lower  surface,  at  intervals,  are 
^airs  of  pith  hall  pendulums,  supported  by  threads  of  some 
Conducting  substance. 


I 


Then  the  cylinder  is  brought  slowly  towards  the  electri- 
cal machine,  we  see  the  pith  balls  repel  each  other  and 
diverge.  This  divergence  is  une^^ual  at  different  points, 
being  greatest  near  the  extremities  of  the  cylinder  ;  towards 
the  middle  of  the  cylinder  the  pith  balls  remain  in  contact 
without  repelling  each  other.  We  conclude  from  these 
facts  that  the  fluids  are  driven  towards  the  extremities  of 
the  cylinder,  whilst  the  central  portion  remains  in  a  neutral 
state. 

If  a  stick  of  resin  be  rubbed  with  silk  and  brought  near 
the  pith  balls  towards  the  electrical  machine,  they  will  be 
repelled,  showing  that  that  end  of  the  cylinder  is  negatively 
electrified*    J£  it  is  brought  near  the  pith  balls  at  the  remot** 


H«w  ts  KB  tnsnUitad  body  allSBCt«d  by  Imluctloti  f    Explatti  tlie  p1i«iK)mef)«  In  detwUL 


» 


tu  piiTaics. 

rftliii«7lbdor,tli«yareattniM*^J^  , 
IkttI  wmd  of  th^  ejlmder  h  positively  ek^ctnfi<^^-  ^^'  ] 
tk0  dictriailia  in  llie  two  eiidt^  are  equal  in  (\Q%^^^^* 
udijrte  fh^wn  by  re»oving  the  cyliniltir,  wheu^c?^ 
log«lb«^  mmI  AentnltM  emdk  other. 

Tl»  ftaUlv*  lAiitilcitf  »f  the  mnchiQej  then,  simply  &g\s^(^^ 
rsle  lk»  tv»  iuiii^  Ittnetllit  the  nesative  fluid  to  Uie  end  iieti'i^ 
il  afti  fwpetluif  t^  pmiSirB  fluid  to  the  opposite  end  of  the  evVki)^- 
K»  «b<tncilx  I—  inm  the  nwchinc  to  the  cylinder. 

tC  wUki  tbe  m|ip«r«tii8  »  In  thc^  position  shown  in  ik 
%fttre«  the  two  eleetrieities  being  sepfirated,  the  po^livt 
€ttd  b«  lOttdieJ  hx  a  coodactor,  as  tbe  tinger^  for  example, 
iB  dTlbe  poailivc;  flotd  irill  escape^  wUikt  the  negative  M^, 
Mttg  beld  hj  the  attraction  of  the  positive  fluid  in  tbe 
mmAltHt^  icmalna  oa  the  siir^ice  of  the  cylinder.  The  » ylin- 
iodci'  h  Ikm  olnrged  with  negative  electricity  throngliout, 
m  OH^  be  ahown  by  applying  a  rod  of  electrified  glns8  or 
reab  to  the  pitli  boUa  at  the  two  extremities,  Fnilheimore^ 
il  la  immaterial  vbereabottt^  tbe  cylinder  is  touched  by  the 
eonduetor^  for  if  touched  at  any  point,  the  positive  floi^ 
eaeapesi  and  the  cylinder  is  charged  with  the  negative  l 

Had  tbe  inducing  body  been  charged  negativelvt  ih 
cyGnder  would  in  like  manner  have  received  a  poativ 
ehai^  by  induction. 

The  metl»od  oi  tndiiotioKt  ts  of  frequent  ippUcatioti  in  ezperimenli 
iiiqiiirie«,  and  the  principle  set  forth  above  serves  to  explain  a  | 
variety  of  eloolrieal  pheaomeoA. 


Tbo  Bleotrical  BCachino. 

STO,  The  Electrical  Machixk  is  a  macbine  by  mean 
of  which  an  unlimited  amount  of  electricity  may  be  gen 
erated  by  firiction. 


iTmr  ddM  tU  poi>ii4€0  eUeirteO^  nrtf  Row  b  tbe  D«€attv«  told  dnnra 
"■^  Uie  Indncinf  body  been  ncifttlv^Ij'  electrtfled,  wliftl  woqM  ti»T«  b«pp»i 
<  ^T0,)  Wk$x  U  ad  Eleetrtcal  tfactiiDef 


J 


jjjptrcrno^' 


^  e»«d    about   -»  '^-^'^    Te  .r-P-*' 


,./l 


r^ 


';;.cal  researches.  _ J 


';;:.^^-^'«"""" 
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FOFUULS    FHTSIGS. 

Thd  principal  piece  of  the  niadiiDe  is  n 
ihrei!  tt*ct  or  more  in  tliftmeter.     This  plau^  li- 
ft hoHscutal  ziJtis,  and  may  be  tamed  upon  tbi> 
of  a  cmtik.    The  vrooden  frame  which  supports  the 
cinbrrtrt»8  the  pliilc,  and  bearg  fonr  enshions  whicli 
against  the  glusd  on  its  opposite  faces,  two  above  and  iw 
below  the  axiA.    The  cushions  are  of  leather  staffed 
hair ;  by  their  friction  they  give  rise  to  positive  el< 
in  the  plate  when  it  b  turned. 

Two  cylinders  of  brass,  AA,  are  mounted  on  the  uAb 
willful  supjMDils  the  fmnie-work,  and  are  insulated  by  gbffl 
pilhirs.  Tht^se  cylinders,  ciilled  conductoi-s,  are  united  ot 
their  remote  ends  by  a  third  cylinder  of  brass,  as  shown  in 
the  fiji^ure.  At  their  ends  nearest  the  plate  they  terrainate 
in  cylindrical  |»ieces  eonstrnctetl  so  as  to  partially  embrace 
the  plate  bnt  not  touch  it.  These  pieces  are  called  combs, 
from  the  fiict  that  a  great  number  of  projecting  teeth  arSi 
placed  on  their  sides  next  the  plate.  Finally,  all  of  tl 
cuds  of  the  cylinders  in  the  machine  are  wrought  intl| 
spherical  forms,  to  prevent  the  dissipation  of  electricity 
much  as  possible.  The  entire  collection  of  metallic  cylindei 
is  called  the  jmnie  conductor. 


Uie  of  the  Bleotxioal  Maohltie. 

371,  When  the  plate  is  turned  rapidly,  the  friction  of 
tbe  cusliions  or  rubber j*  develops  a  great  quantity  of 
tivc  electricity  on  the  glass,  whilst  the  negative  fluid  goij 
to  the  rubbers  and  is  conveyed  through  the  frame  to  th 
c^irtli,  and  thus  disappears.  Tlie  neutral  fluid  on  the  co 
diietors  is  decomposed ;  the  negative  fluid  flows  thrott| 
the  Icetli  of  the  combs  to  the  glass  plate,  tending  to  nfl 
tnillze  the  positive  fluid  on  the  plate.    The  conductors  tbi^ 


Wh&t  la  tlic  principal  plooof  How  mtimited?  Oiiscribci  the  cushlcinfl.  DcaCfftw 
•^^i"'  eontliiRlura  amU  the  maLhod  In  whtrb  ♦hey  are  inouuteij.  How  *ro  Uiey  clectfi* 
fl^il  ?    What  U  the  firltno  conductor  ?    (3110  Explain  the  operation  of  Ui«  i 


ijJDtrcnoN. 


^^  the  negative  fluid,  become  charged  with  positive 

1^     >K  - 

^^K|  *-^^  electrical   machine   may  bo   arranged   to   produce  negatiya 

^^T      ^trjcity  as  follows  :   The  feet  of  the  table  are  insulated  by  being 

^ed  upon  glass  8upport«j  and  the  prime  conductor  is  then  connected 

^^1j  the  earth  by  a  metallic  chain.     This  chain  permitB  Ihe  positive 

^^ctriciiy  to  flow  out  of  the  prime  conduciorj  whilst  the  negative 

'^tricity^  being  unable  to  CHcape,  aocumulates  upon  the  coHhioDa, 

*^1j|c  and  frame  of  the  instrument. 


I 


I'  ^^IjIcj  and  frame  of  the  instrument,  ^J 

MeoBiire  of  the  Qusmtity-  of  Blectriolty  in  the  MacMne.      ^M 

S72»     The  quantity  of  electricity  in  the  prime  conductor        ' 

PtHay  be  shown  by  an  instrument  called  Hkkley's  electro-  ^ 
ptneter.  fl 

This  electrometer  is  renresented  on  the  left  of  the  drawini?       J 

iLrouna  au  axis  ana  lerminaimrr  m  a  pnu  ouji.  ^i 

H     When  the  machine  is  in  operation,  the  ball  rises  along  the  ^M 
^  quadrant,  and  by  its  diverj[jence  from  the  vertical  indicates       i 

4 


S72»     The  quantity  of  electricity  in  the  prime  conductor 

■tHay  be  shown  by  an  instrument  called  Hkkley's  electro- 
leter. 

This  electrometer  is  represented  on  the  left  of  the  drawing 
of  the  machine,  and  consists  of  a  vertical  support  of  wood, 
tearing  a  quadrant  divided  into  degrees.  At  the  centre  of 
the  quadrant  is  attached  a  small  ann  of  whalebone,  turning 
around  an  axis  and  terminating  in  a  pith  ball. 


I 


quadrant,  and  by  its  divergence  from  the  vertical  indicates 
the  quantity  of  electricity  developed 


FrecautioDA  in  uaing  the  Machine. 


373«  After  the  prime  conductor  is  electrified,  if  we  cease  to  turn 
the  plate,  and  the  air  is  dry, 'the  pith  ball  will  descend  slowly,  show- 
ing a  gradual  diBpersion  of  the  electricity.  If  the  air  ib  damp,  the 
ball  descends  rapidly,  showing  a  rapid  loss  of  electricity.  Kleo- 
trical  experiments  seldom  Buceeed  in  a  damp  day.  In  order  that 
they  should  be  successful,  the  instrument,  as  well  as  the  iurround- 
ing  atmosphere,  ought  to  be  perfectly  dry, 
^      Electricity  will  be  developed  more  rapidly  if  the  cushions  are 

Bow  may  it  be  arranged  to  o&U4^  neffaiite  eteetridt^f  (372)  How  la  the 
qnsntlty  of  electricity  on  tbe  prime  cooductor  ladiefttedf  Dosortbe  ih^  clectromoter 
died.  Its  nction  (  973  >  WhfU  ^ect  has  dampH4it  im>  tKi  difi«l&p$nmt  qftisc" 
t/icUyf    Brno  u  Me  elet  tricity  4ncrea»6d  f 


I 


•^^^       Ti.«  ;S^.    "  "  S^-^^M  coin     "°"  •*"  S'««'  "="  rfi 
•^o^td  not  be  7    .*"  •"**«>  «he  J,«t  I 
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i^s  may  be  explained  by  «upposiiig  negative  electricity  to  flow  from 
poiut  to  ilic  conductor,  tn  accordance  with  what  has  been  shown 
^fore. 

It  is  sometimes  said  that  the  point  draws  off  ihc  electricity  from 
tic  ecnductorj  but  this  is  not  the  case;  ihe  point  abstraets  none  of 
hhfi  positive  electricity,  but  gives  to  the  coiuluctor  negative  elec- 
tricity, which  tiuites  with  the  positive  fluid  to  neutralize  it. 


Blectrophonis. 


4 


374.    The  Elettrophorus  is  a  machine  due  to  Tolta, 
by  means  of  which  we  may  obtain  considerable  quantities  of  j 
elect  ricitv. 


I 


•  POPULAR    PUTSICS. 

a  table  of  wood,  and  the  other  a  wooden  plate,  covered  wit 
tin  foil,  and  provided  with  an  insulating  handle  of  gla 
It  is  represented  in  Figs.  25G,  257,  and  258. 

To  use  this  instrument  we  connnenco  by  rubbing  the 
resinous  plate  vigorously  with  a  cat's  skin,  as  shown 
Fig.  250.  This  develops  negative  eleetricity  in  the  resin 
We  then  appl}-  the  disk,  holding  it  by  its  handle.  The  plat^ 
of  resm  aet«  npon  tite  disk  by  induction,  drawing  the  poa 
tive  fluid  to  the  tin  foil  on  its  lower  face,  and  repelling  th 
negative  flnid  to  the  foil  on  the  upper  f;ice.  In  this  posi-l 
tion,  if  the  upper  face  be  touched  with  the  finger,  as  shown 
in  Fig.  257,  the  negative  fluid  will  be  drawn  off  into  the 
body,  and  the  disk  will  be  charged  with  positive  electricity. 


Fig.  ibtk 


If  the  disk  be  raised  from  the  resinous  plate  by  its  handle, 
nod  touched  with  the  knwcWe,  ^ft  &\io\v\A  va^\w,aSft^  a.  s^iark 


Exp\«lli  \t»  EfiUoTi. 


] 


iin>ucmoN. 
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hicli  is  due  to  the  negative  electricity,  passing 
odj  to  the  positively  elcctritied  plate. 

continue  to  repeat  tho  manipulation,  exhibited  in 
md  258,  a  succession  of  sparks  may  be  ohtaincii  without 
y  of  rubbinij  the  resin  «^ain  with  the  cat's  skin.  If  the 
kfi  resin  will  continue  in  an  eleetrifiod  state  for  &  yevy 

jciple  of  continued  induction  htis  hccn  applied  in  con- 
slectricnl  machines.  That  of  IIoltz»  one  of  the  hest^  is 
irful  than  the  one  described  in  Art,  ^70. 


Y 


droM-Ieaf  JOlectroineteT. 


The  Gold-leaf  ELECTROM:E:rER  is  an  instrument 
by  Bknnet,  for  determining  whether  a  body  is 


mteemitm  qf«parkt  bt  obiaimdf    C3TS)  What  U  tlio  Qotd-]e«f 
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POPULAR    PHTSICS, 


I 


electrified,  and  to  show  this  Idnd  of  electricity  with  which  | 
it  ifl  charged. 

It  consii§t3  of  a  glass  bottle,  closed  at  the  top  by  a  cork,  | 
through  which  passes  a  large  copper  wire.      This  wire  is 
terminated  at  its  top  by  a  copper  ball,  and  has  attached  to 
its  lower  extremity  two  slips  of  gold-lea£     The  iastramcDt 
is  represented  in  Fig.  259. 

The  eork  and  the  whole  top  of  the  bottle  are  covered  witti  a  kind 
of  varnish,  made  by  dissolviirjj  sealing- wax  id  alcohoL  The  nnu^ 
is  laid  on  with  a  bruf^h,  and  serves  to  make  the  bottle  a  belief  noH' 
conductor.  This  kind  of  varnish  is  often  used  in  electrical  expen- 
menta  to  render  glass  noa -conducting.  Glasa  in  a  dry  it»t«  is » 
good  noii-conducl4>r^  but  it  is  apt  to  condense  moisture  from  the  aif 
io  as  to  become  a  conductor.  When  covered  with  any  resiiwHit  ^^' 
aish^  this  trouble  is  removed. 


I 


Method  of  luung  the  Gold-leaf  Mectromates'. 

3^a*     To   ascertain  whether  a  body  is  electrified,  "f^^i 
bring  the  ball  of  the  electrometer  near  it.     If  it  is  electri-l 
fied,  it  acts  npon  the  ball  and  its  stem  by  induction,  attP 
log  the  fluid  of  a  contrary  name  into  the  ball,  and  repellii 
that  of  the  same  name   into  the  gold  leaves,  which, 
very  light  and   electnfied  by  the  same  kind  of  fluid, 
diverge.      This  instrument  is  very  sensitive,  showing  th" 
slightest  amount  of  electricity. 

To  test  the  kind  of  electricity  in  a  body,  bring  it  neifl 
the  instrument  and  touch  the  ball  with  the  finger.  Thi™ 
will  draw  off  the  electricity  of  the  same  name  and  le.AC 
that  of  a  ci>ntrury  name  to  that  in  the  body.  K'ow  let 
a  glass  rotl  Ije  rubbed  with  woollen  cloth,  so  as  to  excite 
positive  eketrieity,  and  then  let  it  touch  the  ball  ot  the 
eloctrometen     If  the  leaves  diverge  more,  the  electricil 

D*t,cribe  iu     Wk0  in  the  top  qf  tU  bidtl$  tami^hM f     ThfcHbe  ih«  ,w, 
v-*  J6,>  How  do  we  ascertain  when  a  body  li  eiecltified  by  this  instrtmie^ ^ 


I  them  before  was  positive,  jind  that  of  the  body  b  ques- 
tion was  consetjueatly  negative.  If]  however,  the  leaves 
approach  ouch  othei%  the  electricity  in  thein  before  was 
negative,  and  consequently  that  in  the  body  experiuiented 
Upon  was  positive. 

This  is  an  exceediiit|ly  delicate  test,  and  ane  of  great  practical 
Nlue. 


III.  —  KtECTRICAL        HKCREATrONS 


mectrlcal  Spark.  -  lilectrlcal  Shock* 

ar7.  An  Electtrtcal  Spark  is  a  brilliant  flash  of  light 
which  passes  when  a  conductor  approaches  a  highly-elec- 
trified body. 


[: 


ii iM9  sUdfvmsfer  qfmueh  ut^t    ( 3 77  )  Wlitti  to ai^  TL'tet\s\<!»^ ^^w^^ 


ij 


^lectritiecL  For  i\m  purpose  an  EhKfjnurxL  Stckil, 
I,  a  stool  in9iilat€d  by  ineani  ofghm  legu,  u  mado  wie 
diown  in  Fig.  261.  A  person  gtanflin^j  on  tKe  «tool, 
iking  hold  of  the  prime  condntnor,  iKi'comes,  when  the 
li«  tmned,  pmitWely  eleetri^e<].  If  a  second  person 
ittemptft  to  shake  hundi*  with  tlie  first,  a  shock  will  lie 
aced,  and  a  impark  will  pass  Wtween  them* 


The  Eleottioal    Cbiind. 

^,     T\m  EvEcmicAh  Cuime  ia  a  collection  of  bells  that 

^de  to  ring  by  means  of  electrical  attractions  and 

ions. 

^insistB,  in  the  case  show^  in  Fig.  262,  of  three  hells 

Ided  from  a  horizontal  bar  of  wood,  w.     The  outer 

|i  and  c,  are  suspended  by  metallic  chains,  and  the 


I)  Wliat  la  an  Electrictl  Stool  t    Iti  naef     (3790  Wh«t  b  ad  Eleetrio»l 
DettcrlU  It. 


L 


i 


ELECTRICAL     ££CE£A.TION8. 


The  Electrical  Puppet. 

3§0.    The  Elbctiucal  Poppet  consists  of  a  little  fig 
"^V^hich  ia  niade  to  dance  by  means  of  electrical  attraction 
^  ^pulsion. 

It  consists  of  a  light  image  made  of  cMer  pith,  or  ftome 
similar  substance,  placed  between  two  metallic  plates,  on©^^ 
of  which  is  ill  connection  with  the  pi-ime  conductor  of  the  ^M 
inachine,  and  the  otlier  with  the  earth  by  means  of  a  chain,       ' 

Pas  shown  in  Fig,  263,  ^J 

When  the  machine  ia  turned,  the  upper  plate  is  electrified, ^B 
and  attracts  the  image  to  it.     The  image  is  charged  and  " 
immediately  repelled  to  the  lower  plate,  where  it  loses  its 
[  electricity,  and  is  again  attracted  to  the  upper  plate,  and  bo 
on,  dancing  up  and  down  as  long  as  the  plate  is  turned. 


Til©  £Uectrical  Wheel. 


38 1 .  The  Electrical 
Wheel  consists  of  four 
or  more  arms,  bent  in  the 
same  direction,  and  at- 
tached to  a  small  cap, 
which  is  free  to  rotate 
about  a  pivot. 

This  pivot  is  attached 
to  the  prime  conductor, 
or  else  to  a  metallic  sup- 
port,  connected  with  the 
conductor  Fig.  264  re- 
presents such  a  wheel  It 
is  a  reaction  wheel,  and  is 
made  to  turn  by  tlie  es- 


Fig-  s<^- 


(880  )  What  k  the  ElectrlcAl  Puppet  t    Bwcrlbe  it.    Ejrplulii  Its  acUoiL    <  38 1  ->  ( 
What  la  the  Electrical  Wheel  f    De*crlt»«  it    Expliiln  its  action. 
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'^ 


i^^thod  of  exhibiting  this  light,  and  the  apparatus  ero- 


^I'e  shown  in  Fig.  2t55.     The  appnratna  consiHls  of  a 


'  giob^  or  oval  of  glass,  containing  two  sniull  irietalJic 
'^  of  metal  at  some  distance  ajiart.  The  upper  one 
'^^^nicates  with  the  pnme  conductor,  and  the  lowxr  one 
'  Ik'  earth.  The  globe  may  hif  depjived  of  its  internal 
E^ioeaQS  of  the  air-pamp.  Then,  if  the  electrical  nia- 
^  be  turned,  a  flow  of  electricity  will  take  place  froni 
Sacliine  to  the  earth  througli  tlie  two  hallrt,  and  because 
alls  are  in  a  vacuum  there  will  be  no  obstruction  to  the 

If  the  experiment  is  marie  in  a  darkened  rnoin^  a 
[fill  vioiet-colored  light  will  lie  seen  between  the  two 
of  the  shape  shown  in  the  figure. 


^f  The  Electrioal  Square. 

i»  The  Electrical  Square  cooBists  of  a  square  plate 
IS,  upon  one  surface  of  which  a  thin  stni>  of  tin  foil  is 
^d,  running  backwards  and  forwards  across  the  jjlate, 
wa  by  the  black  line  in  Fig,  206.  One  end  of  this 
if  tin  is  made  to  connect  with  the  prime  conductor  of 
irical  machine,  and  tlie  other  end  is  made  to  com- 
[with  the  earth  by  a  chain.     The  square  is  insulated 

glass, 
[  the  machine  is  turned^  a  current  of  electricity  flow^s 
the  strip  of  tin  from  the  machine  to  the  earth,  and 
:  is  gi%^en  out.  If,  however,  ttie  tin  is  broken  at  any 
there  will  be  a  succession  of  sparks  at  that  point, 
will  be  80  close  together  as  to  produce  a  continuous 
If,  now,  the  tin  be  broken  by  a  penknife  so  that  tlie 
of  rujiture  are  arranged  in  a  definite  figure,  as  that 
lower,  for  instance,  a  continuous  light  w'ill  be  seen  at 
if  these  points,  and  the  figure  will  rtppear  as  if  traced 
;he  glass  wnth  fire,     Any  kind  of  figure  may  be  drawn, 


in  lb«  in«<bod  of  (•xbibiUDK  It 
ft     EipUin  it*  actioa 
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Mr  wortln  mi\y  Vio  written   on  tho  ^lass. 
in  itiorti  Hlriktn^  in  a  dfirVenerl  room, 

Tli©  Electrical  Cannon. 

-  nni.     Tho  ICt.Ki'rincAT.  Cant^ox  U  a  smnll  cannon  wlii< 

I      f  ^  tlUi»Jinrgrt«tl  Uy  nu»ntJH  oftlu*  electrica!  spark, 

^m       Tiil«  rnuimii  in  nmd  not  only  nii  ati  c^crHeul  roereation.  but  it 
^V  ^Vtti  iiIm*  In  HomnnBlmto  iin  important  scietitifiti  fa^^  yj^  .  ^,^^ 

3 


EXKCTRICAL    liECEEATIONS. 


4U^ 


m  spark  ia  capable  of  producing  dicmical  reacLions.     For  e x- 
,  water  ii*  formed  of  oxygen  and  hydrogen  gasea  in  the  propor- 
i  (fct*  Iwo  volumes  t>i'  the  former  to  one  voluiue  of  the  latter.     Now 
[il  thcise  two  gases  be  mixed  in  this  prwporUon,  and  an  electrical 
fk  be  parsed  through  the  mixture,  the  ga-^cB  inalnntly  unite  aud 
water.     Moreover,  the  combiuation  takes  place  with  a  briiliant 
^h  oHight  and  a  loud  re[>ort,  ihe  report  being  due  to  the  expauKive 
I  of  the  vapor  which  is  produced  at  the  moment  of  conjbinatioji. 
lb  upon  the^e  principlef^  that  liie  ckctrical  cannon  represented  in 
t.  267  18  conwlructed. 


IF)?:.  2RT, 
It  consists  of  a  sniall  copper  c aim  on  nin noted  on  a  stem 
'  glass.  In  the  vent  of  the  eaTnimi  is  a  tube  of  |2:lass, 
roncfh  which  pa^ises  a  copper  wiro.  Tliis  wire  tciminates 
externally  in  n  hall,  and  internally  it  tcrnunates  near  the 
etal  of  the  cannon  without  touching  it.  The  whole  eom- 
anieates  with  the  earth  by  a  chain. 


This  fipark 

mLi^  tiHiWii  fmkol,  m  used  ibr  ^r^l 

*»  ^  min  and  liydrf)2*!a 

*^»lii4iwf  ^mtd  by  a  cort 

tit  litt  ptuM»  msdnotor  ol  a& 


«  L  CCT  Ell 
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«$  an  ippiTAti 

lijr  an  iasiiiaton 
m%  ^2rf0  of  tMs  d 


IMqprT   iWH   mWQr  ^M    VHP    mm^MKK   |MBItP^       la€R'  1 

»  VMMli^  llM  like  flMeB  J  wd  it  Miy  bi 


CiU^WM^Ml 


rii:  i^ro 
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( 387)  D«orlb«  the  iD«tlwcl  of  lustng  It,  In  detail. 
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408  FOPULAit  poTsua; 

plate,  JB,  U  made  to  commanjcate  with  the  prime  coitdoeloir 
of  an  electrical  machine,  and  the  plate,  ^4,  with  the  earth. 
Tlje  electrical  machine  is  tlien  put  in  motion,  which  charge* 
the  plate,  J5,  with  positive  electricity.  Were  it  not  fortk 
plate,  -.4,  the  quantity  of  electricity  on  each  unit  of  smrfiiceof 
Ji  would  be  the  same  as  on  a  unit  of  sur£M;e  of  the  prime 
conductor;  but  the  presence  of  the  plate,  A^  modifies  this 
result. 

TTre  plate,  J?,  acta  by  induction  upon  A^  and  drives  its 
j)ositim  electricity  to  the  earth,  retaining  its  negative 
(electricity  by  the  force  of  attraction*  The  negative  elec- 
tricity of  A  now  reacts  upon  Bj  partially  neutralising  tht 
effect  of  its  positim  electricity.  The  electricity  of  B  being 
jjartially  neutralized,  no  longer  holds  that  of  the  prime  coo- 
iluctor  in  equilibrium,  and  an  additional  quantity  of  ibe 
positive  fluid  flows  into  it,  which,  acting  as  before,  draws 
into  ^4,  from  the  earth,  an  additional  quantity  of  the  negative 
Ikiid,  and  so  on.  In  tliis  way  there  is  gradually  accumulated 
upon  ^  and  ^,  large  quantities  of  the  positive  and  negatlTC 
fluids. 

Wlien  the  apparatus  is  fully  charged,  we  cut  off  the 
muni  cat  ion  between  ^4  and  the  eailh,  then  that  between 
and  tlic  machine,  by  taking  away  the  chains.     In  this 
tion  the  two  ekctricities  on  A  and  B  show  no  effects* 
simply  hold  each  otlrer  in  eqnilibrinm.     Tliere  is,  bowere^ 
in  cons^equetiee  of  the  intcn'ening  glass  plate,  an  excess  of 
electricity  in  i3,  as  h  shown  by  the  electrical  pendulum,  h 
l)laced  in  connectioii  with  it.     A  similar  pendulum  placed  in 
connection  with  A^  gives  no  such  indication. 

If*  now,  the  plates  be  separated,  as  shown  in  Fig.  2fi8, 
electrical  pendulums  will  diverge,  as  they  should  do,  becai 
the  two  electricities  no  longer  liold  each  other  in  equilibrium. 
In  this  condition  the  electricities  of  the  two  plates  may  be 


railTC 

jenif    ' 
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Sxplalli  It*  tliMr3F.    How  m^j  11  be  sbowD  Uiftt  tlie  two  plAt#«  are 
charged  f 


dlAiwgrJ 


and  sbowTi  to  be  opposite.  If  a  rod  of  glass  ha 
i  with  Bilk  and  brought  near  the  penduhim  upon  ^,  ii 
le  repelled,  iudicaihig  positive  electricity;  if  it  be 
ht  near  tbe  pendulum  upon  ^4,  it  will  be  attracted^ 
ting  negative  electrioity. 

diAoharge  of  the  Oondenaer.— Itistantaiieoufl  discharge.— 
Diacharger. 


I 


1 


)«  The  condenser  being  eh;irged  and  placed  as  in 
!69,  may  be  discharged,  that  is,  brought  back  to  ita 
d  Btate,  in  two  ways,     Flrst^  by  successive  cotitacts,  in 

case  the  discharge  takes  place  slowly  ;  or  8eeon€lbj^ 
iiiectitig  the  plates  .1  and  M  by  a  conductor,  in  which 
he  discharge  is  instantaneous, 

he  plate,  ^1,  is  touched,  nO  electricity  is  drawn  off, 
§e  all  tliat  it  contains  is  bold  in  equilibrium  by  that  in 
late,  B,  If,  fiowever,  the  plate,  i?,  is  touched,  all  of 
»e  electricity,  that  is,  all  which  is  not  neutralized  by 
1  the  plate,  A^  is  drawn  off.  After  this,  a  certain  un-  ■ 
ihzed  portion  of  electricity  will  exist  upon  A^  which 
e  indicated  by  the  pendtahim.  By  continuing  to  touch 
ates  alternately^  the  whole  charge  tnay  be  drawn  off 
dl  quantities, 

obtain  an  instantaneous  discharge,  we  might  touch  one 
with  one  hand  and  the  other  plate  with  the  other 
when  the  two  fluids  would  flow  through  the  body  and 
dizo  each  other ;  this  method  produces  a  shock  much 
powerful  than  tliat  produced  by  the  simple  spark  from 
I  me  conductor. 

avoid  this  shock  we  make  use  of  a  discharger.  A  dis- 
er  consists  of  a  heavy  wire  bent  into  an  are,  terminated 

two  ends  by  balls,  and  having  a  hinge  joint  in  the 


I 


.)  tn  liow  Diftiiy  waya  jnajr  n  ttiiitleiiser  bo  dlachairged?    Bescribo  tlio  flrit 
Tlw  lecoDd  method.    Describo  tlie  metliod  bj  Buccesalv^  et^Jl^MU.    IIoW^ 

CtftHfioualy  diaetiQrged  ?    What  la  a  dlschargier,  and  wk&t  b  iU  turn  T 
•   - 


410 


POrtTLAB    PnTSICS. 


so  thai  H  can  be  folded  upon  itself  as  AowB  a 
,  tTK    II  is  usually  provided  with  a  glass  handle,  bj 
tk  is  held. 

To  dbduLfffe  iIm  ooiid«ii8er,  oii«  ball  is  brought  iu  contact  ^t^ 
urn  plalctf  ftttd  h^mg  held  Uiere,  the  disoharger  is  folded  so  that  tbo 
o  Wcr  WU  vill  KHldl  lAm  eeoond  plate.  At  the  instant  of  conUet  a 
:  m  MMitlcd,  amiog  from  the  combination  of  the  two  iuids^  wliieh 
filnee  Uiniii^  the  disekiarser.  No  fihock  is  felt^  becaa.^  ^^^ 
liliOtTicitj  dbes  aoi  past  throngh  tho  body  as  in  Ibc  previous  oiise 


tinit  of  thm  Ohazge  in  a  Oondenaer. 

Two  drenmfllaoces  limit  the  amount  of  electri»ity 
lihajl  may  bo  accumulated  iu  a  condenser.  Mrst^  the  n»- 
iMihnced  4^eotnotty  in  the  platG^  i?,  goes  ou  augmcmbg 
with  the  diwge,  until  at  iast  Its  tension  becomes  equal  to 
that  on  the  prime  conductor,  after  which  no  more  can  flow 
into  the  condenser  fmm  the  machine,  *Seco7ic%^  the  two 
electricities  on  the  plates^  A  and  B^  tend  to  unite  with  an 
emirgy  whioh  goes  on  augmenting  with  the  accumulation 
of  dectricity  on  the  |ilates^  and  may  ultimately  become  so 
gnsat  as  to  bretik  through  the  glass  and  thus  cause  a  oDioa 
of  the  Iwo  fluids. 

Tb»  Leyden  Jar, 

The  Letden  Jak,  named  fiom  the  city  where  il^ 
invented,  is  a  oonden^r,  differing  only  in  form  fromj 
that  which  has  been  described. 

In  ltd  improved  form  it  consists  of  a  bottle  or  jar  of  thifl 
glass,  as  shown  in  Fig.  270,  nearly  covered  on   its  ouudd^ 
with  tin  foil,  and  nearly  filled  within  by  loose  tin  foil,  or  soin 
other  metallic  substance  in  a  loose  state.     A  wire 
through  the  cork  extends  to  the  metallic  filling  urithin,  s 
^nnitiates  externally  in  a  sphere  of  metal  called  tJie  buUctL 


i 


^  U  it  employed  f     (  389.>  What  clrrain«tiinrr»  Uu.lt  tW  ^h^ffe  la  •  «•»> 
^    (  3»0  ^  What  l6  the  Leyden  Jar?    D«»cHt»p  IL 


ACCUUVLATIOX    OF    ELECmtlCITr. 
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This  is  a  condenser  in  which  the  gtaiss  of  the  bottle  ierrea  as  an 
luialaior.  whilst  the  metdllic  subatanees  wiiiijn  and  without  eorrc- 
■pond  to  ihe  meiallic  plaioa  in  the  inKtroriiLiit  alteiuly  tlescnbed. 
T*t*e  interior  metal  corresponds  with  the  plate,  Bj  and  may  be  called 
the  collectofj  whiM  the  esternal  melal  corresponds  with  the  plate,  A 
^^'iiat  has  beca  baid  of  Lho  condenser  holds  good  for  Ihe  Leydeii  jar. 


I 


Fig.  270 

The  Ley  den  jar  is  charged  hy  holding  the  enter  tinned 
p.irt  in  the  lijind,  and  h ringing  the  btitton  in  contact  with 
the  piinie  eon  duct  or  of  an  electrical  niacliiiie,  as  shown  in 
Fig,  270.  The  positive  fluid  is  accnmnlated  in  the  interior, 
and  acts  by  induction  upon  the  outer  coating,  m  hich  1>ecomes 
negative,  the  positive  fluid  in  that  coating  being  conveyed 
away  by  the  band  throngb  the  body.  As  in  the  condenaer, 
the  two  fluids  react  so  as  to  accnmn!atc  a  large  quantity  of 
positive  electricity  on  the  inside  of  the  jar,  and  of  negative 
electricity  on  the  outside. 

After  the  jar  has  been  charged,  if  it  be  held  in  one  hand  whilst 
the  other  is  brought  in  contact  with  the  hntton.  a  shock  will  be  felt 
through  the  armit  tind  body,  and  the  jar  will  return  to  its  neutral 
fitate.     When  it  is  desirable  to  discharge  the  jnr  without  the  shock, 


n 


tbeory.    if  on  U  it  diwharg^d  f 


How  la  the  i»T  diargudy     Explnln 


k. 


with  Uie  button      In  ihis  case  there  it  a  «P^ 
tllM  j«r  returns  to  it»  liemral  eondiiion^ 

Slioliical  BaXlery, 

9^1.     An  ELBTTitiCAt  Baitkry  consists  of  an  asseml 
of  Lc'Vilen  jars  m  conneeted  as  to  act  like  a  single  condenieT,. 
L  aa  »ho^m  in  Fig.  272.  ^M 

I  The  jar^  are  plained  in  a  box  whose  bottom  is  lined iBI 

i  metal,  which  serves  to  connt^ct  their  outside  suiihcesu    Theii 

I  insidu  surfaces  are  brought  into  cnnuniiniciition  by  conDCCl^ 

■  ing  the  several  buttons  with  metallic  rods, 

H  In  batteries  the  jars  are  made  Inrge,  and  arc  covered  within  in 

^B  wttliout  with  tin  foiL  the  interior  lining  bchii:  brought  into  cominii 

^k  tticaiion  with  the  button  of  each  jar  by  a  metallic  chain.     Upon  OM 

B 


(  St9l,)  What  la  an  EleetrtcttJ  PHtery? 


Vrtcriheit     Wkifttfn^ofjitn^nvii 


Barging  an  electricMil  Ijaltery,  a  discharger  is  used  with  two 
iidleu^  as  shown  in  Fig.  276.  Care  should  be  taken  to  toucli 
'tial  covering  before  touching  the  common  button  with  the 


I 


OoBdensing  Siectromet 

Tlie  gold-leaf  electrometer,  shown  in  Fig.  260j  is 
nsitive,  but  it  may  be  rendered  Btill  more  so  by  the 
n  of  two  disks  or  condensiiiLT  plfites,  a»  fihowu  in 
7n  and  274.  The  irift-iior  disk  is  attached  p*'rtiKV 
to  the  8tem,  f,  which  supports  the  strips  of  gohl*Ie:if. 
perior  disk  has  a  glass  handle  by  ivhieh  it  can  bo 
d  sit  pleasure.     The  two  disks  are  of  brass,  eoated 


I 


leotrometert 


with  vmrayt,  which  Knres  as  an 
of  tlie  glaas   philes  in   the 


« 


liui  bring  very  thin,  the  condenabig  power  is  much 
ijicntcd. 

Use  of  the  Oondensing  Slectromeier.  ^H 

3f>3.  To  use  the  eondejiBing  electrometer  for  detecting 
small  qiiantitica  of  electricity,  we  place  the  upper  disk  Hp»»i 
the  lower  one,  as  shown  in  Fig.  273,  then  usine:  the  lowd 
disk  as  a  citlleclor  we  bring  it  into  contact  with  the  botl] 
to  he  exj>eriniented  upon.  At  the  same  time  we  estabUd 
a  ccviineetion  lietween  the  upper  disk  and  the  ear 
ionchiag  it  with  the  finger, 

(  S88>>  How  li  Um  oondonaiJig  ol«ctroiii«t«r  uMdf 
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^ig,  273^  the  body  experimeuted  upon  consiBts  of  Iwo  plate», 

of  zinc,  and  the  other  of  oopper,  fastened  together.     We  ehall 

liereaftcr,  that  by  a  simple  contact  of  two  sucb  plateB,  the  zino 

|»OBiiivelyj  and  the  copper  negatively  electrilied.     This  last  metal 

*^n  being  brought  into   contact  with   the  inferior  platp,  yields  its 

^fative  electric! ty^  which  acting  by  induction  through  the  yanii?b, 

^;jders  the  upper  plate  positive.     When  tlic  two  electricities  ba%3 

3<'curaalated  upon  tho  platcF^  wc  first  withdraw  the  finger,  and  thcii 

plate  cz.     If  the  upper  plate  be  lifted  off,  the  negative  cleclnciiy 

liich  WHS  before  held  in  equilibrium,  becomeg  free,  and  the  gold 

leaves  diverge,  as  shown  in  Fig.  274. 

In  Ibis  manner  quantities  of  electricity  may  be  discovered  bo  small 
ajs  to  be  unnoticed  by  the  tiiniple  electrometer. 


I 


_T*  —  lYrECTS      OP      ACCUMULATED      BLSCTEICITT* 

Physiological  ISfiects  of  SSlectricity. 

3I04.     The   pliysiologi^a!    efffcls   of  decliiuity   are   ibo 

Jft'cts  which  it  iirodiices  on  men  and  animals.     Tlicy  con- 

^lul  of  nmseular  coiitrat^tionsj  aecompaiiied  by  a  gi'eater  or 

le«9  amount  of  pain,  according  to  tlic  power  of  the  electrical 

apparatus. 

When  we  receive  a  Bimple  spark  from  the  prime  conductor,  we 
experience  only  a  slight  slinging  (sensation;  with  a  small  Leydcn 
jar,  the  pain  ie  fell  extending  up  the  arms  to  the  el  bows  or  shoulders  ; 
Willi  a  more  powerful  jar  or  a  battery  the  Bhock  is  felt  through  the 
arms  and  chef^t.  and  may  be  sufhtient  to  produce  death. 

An  electric  Bhock  may  be  given  lo  a  great  number  of  persona  at 
.he  same  time.  To  that  end  they  form  a  chain  by  taking  each  other 
by  the  hand,  as  shown  in  Fig.  275  :  then  the  person  at  one  end 
lakes  a  Ley  den  jar  in  his  hand  :  Ibe  circuit  is  completed  by  I  ho 
person  at  the  other  end  of  the  chain  touchine  the  button  of  the  jar. 
when  the  shock  is  felt  simultaneoasly  throughout  the  ring.     Nollkt 


4 
4 


S^lain  n^  878.  What  am  ths  advnnt^yg«*  qfthis  inMrum^t  ?  (394)  Wluit 
ir«  tlie  iihyslolojclcat  offects  of  electricity  f  DMoribe  the  Bhock.  Uqw  may  ths  thock 
tt  gii9«^  to  a  nuiiibAr  qf  persons  f 


With  a  battery,  tne  shock  becomes  so  powerful  aa  to  render  '* 
Ittngcmtis  to  attempt  rccoivmg  it.  With  a  battery  of  only  six  P^ 
of  mean  size,  it  would  bo  hazardouB  to  receive  the  shock.  Widi 
moro  powerful  bftlterie«i,  cats,  dogs,  and  even  stronger  animals  nmy 
be  killed  by  a  single  8hock.  Fig»  276  represents  a  dog  killed  by  ft 
ihock  from  a  battery  of  nine  jars.  The  metallic  collar  of  the  dog  is 
connected  with  ihe  eilerior  coating  of  the  battery,  then  one  ball  ot 
tli«  discharger  is  placed  near  the  ptvpiierior  part  of  ihe  dog's  epiiml 
column,  after  which  the  circuit  is  completed  by  touching  the  butifl 


What  ifl  the  ^6ci  qf  a  *hock  fnym  a  pmo^r/ul  batUnff    Ss>ptait 


batlery  in  the  Conservatory  at  Pariflj  which  was  given  to  it  by  the 
PhyaidBt  Charleys. 

Boating  Power  of  ElpotrioitjT* 

a»5.  The  licsit  developed  by  electricity  is  sufRdent  not 
Only  to  inflame  ether,  gnnnowder,  and  llie  like,  but  also  to 
niclt  and  voliitilize  the  metals. 

Fig.  277  represcMits  tbe  manner  of  intbiming  ether.     The 
ther  is  poure<l  into  a  glaas  vase,  through  the  bottom  of 


Thfi   Barium  hattery.    (305,^  Is  t1ier«>  much  bovl  d«Y«l<»ped  by  «l«otrldtyt 
Kxptnln  the  cxfKTlwfnt  wbirwii  in  FIf.  9TT. 


I 


Umt   cimb 

lk«  bitttM  of  tke  «^ 
iirilk  Um  of 
tkt*  Jar,  a  9fmxk  b 
gititi  ufl;  wmI  lioi 
tiHM^  dcT«ekf|M*il  10 


CiM«  villi  ft  rwif 

|ftr,  ftr  evtn  a  ^ttnple 

tpftfk 

i«ttdoelor    Tbt  tvpcfi- 

iiit^FMlijig  b|r  ilfuidliic 
upon  llw  eireifml  wloftl 
(Flir^iMI),  ftna  ill 
Ihk  ilii  «ili«r  wiih  Uis 
ilitier.  TIm  f«ih«r  mftf 
Ins  hiflmiiMl  ti)r  n  aiMflE 
from  •  pircc  of  ico  held 
In  tht  Uitrifl, 


Fi«.  JcTT. 


Whon  an  *'k*ctrie*l  Imttepjr  w  dincharged  through  n  fifll 
mrliillii*  wire,  it  nifiy  be  r  oven  volatilized,  accord 

io  i\w  piiwor  of  iho  blilu.  w 

Til  performing  \\m  cxi»orim(?iil  it  wil!  bo  bc§t  to  use  the  un{vcr» 
iUsfhnrger.     Thin  iiifttru merit  and  (ho  rnaiuiQl^^f  MBing  it,  are  i<ho^ 
ill  Fiu.  '27H      Thr  ilUehariior  consmts  of  tn©  oilpper  wiresj  A  and 
mouiitiHi   ii|ifni  sVfiNn  Miipportit.     The  wire*  can  slide  freely  throti|^ 
thfl  rinjti  ilini  huM  iln^m,  mul  can  furthermore  be  turned  about  bin 

L^JTAfif  mtri,tUtm  may  ft*  iihM#  la  II  ^    How  miiy  a  wlro  be  mdt^Hl  f    J%ito«i  ^ 
^9%»truoHon  and  u§4  </M#  ^nit4fwat  dUokatff^, 


EFFECTS     OP    AOCtJMUULTED    MLKCTKICITY* 
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BO  fts  to  bring  their  batons  as  near  as  may  be  desired  to  any 
that  is  placed  upon  tho  stand,  M.  h 

^melt  a  wire  by  electricity,  we  attach  it  lo  the  two  inner  buU™ 
*^  at  i^  then   connect  one  of  the  wirea,  Aj  for  example,  with  tho 
I     ^rior  coiitiiig  of  the  battery^  and  complete  the  circuit  by  connect*^ 
§  B  with  the  button  of  one  of  the  jars  of  the   battery.     This  i« 


rig.  ST?. 

itod  in  the  manner  shown  iti  iba  figure,  the  connecting  chain 
being  managed  by  means  of  a  hook  with  a  glass  handle.  At  the 
inBtant  of  contact,  the  wirc^  if  fine  enough,  k  melted  into  globules, 
and  even  volatilized,  that  is,  reduced  to  vaporj  which  disappears  ni 
the  fiir. 

When  the  wire  is  a  little  larger,  it  simply  becomes  red  hot  and 
give«  forth  a  brilliant  liaht^  if  still  larger,  it  becomes  heated  with- 
out being  luminous.     Fine  and  ehort  wires  may  be  melted  imdef 


I 
f 


t 


&tptaiti  tM4  tmp^rimmt  qfrneUing  a  wir$  in  dtitiU. 
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WftUr  in  the  saipe  m&iiner  as   m  w4£}  but  the  experiment  \b  mm 
difficult  to  tn&ke. 

Meohanical  ZSfiiDota  of  Xnectricity* 

39€.  The  Mechaxical  Effectts  of  ELEcrmciTT  are 
manifeslcil  when  large  charges  of  electriciiy  are  passed 
through  imperfect  conductors.  They  coDsist  of  violcot 
cxpansiotiB,  with  tearing,  fracturing,  and  the  like. 

Thefie  cftocta  are  generally  exhibited  by  placing  the  body  upon  rhe 
plate,  Mj  ot  the  uinvorsat  discharger  (Fig,  278)^  and  then  p^^m^  & 


powerful  charge   from   a  baltery  Ibron^li  it.     In  this  way  a  iina 
block  of  wood  may  be  torn  to  ppl inters  in  an  instant. 

Fig.  279  reprcRents  an  apparattn*  by  means  of  which  a  hole  may 
be  tarn  in  a  card  by  usinsr  a  single  Leyden  jar.     A  carO  is  placed  i 
I  lie  top  of  a  glass  cylinder,  beneath  which  is  a  T^ire  projecting  frort 


(  Sftfl.)  Wluit  are  aomo  of  tbe  medmnfoa.!  effects  of  olcustricUy  ?    Mino 
^pkiin  the  method  (if  perforating  a  card  ly  electricity. 


Li. 


anetftllio  plate.  The  plate  connects  by  a  clmjn  with  the  exterior 
-ting  of  the  jar.  Above  the  card  is  a  second  wire  which  ia  ineu- 
,ted  in  the  manner  Fhown  in  the  figure.  When  the  circuit  la  com- 
eted,  by  touching  the  upper  wire  with  the  button  of  the  jar,  a  ehock 
Hows,  and  the  card  is  found  to  have  been  pierced  as  if  rtin  through 
r  a  needle  or  pin. 

To  pierce  a  plate  of  glass  requires  a  largo  battery.  The  battery 
longing  to  Harlem  Mufscum  (Art.  394),  is  capable  of  piercing  a 
>ok  of  four  hundred  pages, 

A  partial  account  of  « he  chemical  efTects  of  electricity  has  been 
iven  in  f peaking  of  the  electrical  cannon.     More  on  this  subject  will 
given  when  we  com*  to  treat  of  the  effects  of  the  Voltaic  pile. 


TI.^ — ATMOSPHERIC       ELECT  RICITT. 

Identity  of  Xaghtning  and  the  UleotiiGal  Spark. 

a9».     Franklin  piiblishtHl  a  memoir  m  1749,  showing 

18   complete   parallelism   between  the   elect  licit  y    of  the 

llouds  and  that  of  the  electiical  machine.     In  that  memoir 

he  suggested  that  the  electricity  of  the  clouds  iiiigLt  be 

ftracted  to  the  earth  by  meaDa  of  points,  and  recommt  nded 
at  the  experiment  should  be  made. 
In  accordance  with  that  suggestion,  the  experimeiX  wns 
first  made  by  Dalibaud,  in  May,  1 752.  He  erected  in  bis 
garden  a  rod  of  iron  about  forty  feet  high,  having  its  upper 
extremity  terminating  in  a  point.  After  the  passage  of  a 
thunder  cloud,  the  rod  was  found  to  be  electrified,  rnid  for 
the  space  of  fifteen  minutes  sparks  were  drawn  fiom  it,  w  hich 
were  used  in  cliar^nng  several  Ley  den  jars. 
About  a  month  later,  Frankli.v,  without  any  knowledge 
the  dist^overy  of  Daltbarh,  succeeded  in  attracting 
ctricity  from  a  cloud  to  the  earth.  He  raised  a  silken 
,  just  before  a  coming  thunder  storra.     The   string  of 


\  O/pisreing  a  pUiU  ofglfifiit.    ( 397)  Wl»«>  A"*  »bowiMl  the  l^lentlty  of  lightning 
eleotrlcitjT    Explain  Dawb abb's  »xp«rlni4siits,     Eitplslii  FnAKKLmi  exp«ri> 

Btik 


I 
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the  kite  wss  of  hemp ;  Attached  to  the  lower  end  of  itidj 
a  small  key,  and  fositened  to  the  key  was  a  silken  cord,bj 
which  the  kite  might  be  insulated.  It  was  onlyaft^rtl»l 
string  became  damp  from  the  falling  rain  that  tie  bf  j 
showed  signs  of  being  electrified.  He  was  at  last  rewfttdrfl 
by  obtaining  an  electric  spark.  So  great  was  his  joy  to  j 
he  could  not  refraiu  from  bursting  into  te^u^. 

llie  complete  identity  between  lightning  and  the  decs 
spark  was  thus  established,  and  all,  even  Dalibakd  Idmse^^ 
unite  in  attributmg  to  Frankun  the  honor  of  the  difr 
covery.  • 

Atmosphdtio  Electricity. 

398.  The  existc^nce  of  atmospheric  electricity  is  not  con- 
lined  to  clouds  alone,  for  it  often  eidsts  in  the  atroosplicrc 
when  no  trace  of  a  cloud  is  visible.  In  this  case  the  elec- 
tricity i.-^  positive.  It  is  most  abundant  in  open  spaces  m\ 
at  considerable  elevations.  In  houses^  in  the  streets,  under 
trees,  and  in  sheltered  localities,  no  trace  of  free  electricity 
is  diseovenible.  During  storms  the  electricity  of  the  air  is 
BOiiietiines  positive  and  sometimes  negative.  All  clouds  arc 
supposed  to  be  electrilied,  some  positively  and  some  nega- 
tively. 

The  electrical  condition  of  clouds  may  be  determined  by 
metallic  rods,  by  kites,  or  by  small  balloons  held  by  a  string 
ill  the  hand. 

The  electrical  »tate  of  the  almoFphere  may  bo  determined  in  a 
great  variety  of  wars.  M.  Bkcqukrel  employed  for  this  purpoj* 
Ihe  gold-loaf  elnetroiriRtcr  pIiowii  in  Fig,  259,  Instead  of  the  button 
he  used  a  a  (em  of  metal,  attaching  to  its  upper  end  a  fine  and  flexible 
iftire.     To  the  aecoud  extremity  of  the  wire  he  faatened  an  arrow. 


(  398.1  What  Is  the  nritaTO  of  tho  electrlcfty  of  the  Mr  f    Wber©  la  tfc  i 
not?     What  ts  tho  atato  of  the  Atmti«pboro  duTlnsr  dtormsV     Hotv  is  tb*  olccllt 
t^jmclitj.^n  of  the  clumia  ctetormined?    How  w  (Ae  «liictf4cal  siata  qf  Um  aiw 


ATMOSPHERIC    ELECTinCITY.  42) 

lich,  beitig  shot  from  a  bow,  ascended  inio  iiie  almaspUere.  draw- 
ihe  wire  wiilt  it.  When  the  arrow  was  tihot  directly  upwards, 
divergetjce  of  the  gold  leaves  iudicaied  the  existence  of  free 
ricity^  and  the  nature  of  this  electricity  waa  tested  as  aheady 

^plained. 

Xightning  and  Thwider. 

aim,     LiGHT^nNG  is  nothing  else  than    an    elongated 

ectrical  spark,  wJiich  passes  between  two  differently  elcc- 

lified  clouds  when  brought  near  each  other.     Sometimes 

a  discharge  takes  place  between  a  cloud  and  the  earth  ;  tliis 

is  called  a  thunderbolt,  » 

A  flash  of  lightning  is  often  of  great  leosth,  and  as  it  takes  place 
along  tiie  line  of  least  resistance,  it  generally  follows  a  zis*zn^  paili^ 
as  t«  often  the  case  with  fhe  spark  from  a  Leyden  jar.  When  a  llaKh 
of  lightning  is  seen  in  the  lower  regions  of  the  atmosphere,  it  has  a 
bjilltant  while  color  j  but  in  th#  hi«her  resjions,  where  the  air  is 
rarefied,  it  assunnes  a  violet  hue,  similar  to  that  of  the  electric  eg^ 
(An.  382). 

TmiNBER  is  the  sound  which  follows  a  flash  of  lightning. 
It  13  due  to  vibrations  caused  by  the  passage  of  the  spark 
through  the  air. 

Thunder  is  uot  heard  till  an  appreciable  time  after  the  flash  is 
perceived.  This  arises  from  the  fact  that  light  travek  with  im- 
mense velocity,  reaching  the  eye  iiistantaiieouslyj  whilst  sound 
travels  more  BlowiVj  and  reaches  the  ear  only  after  a  sensible  inter- 
val of  time.  The  distance  of  a  clap  of  thunder  may  he  Rscertained 
by  counting  the  number  of  seconds  between  the  flash  and  the  report, 
and  allowing  five  ecconds  to  a  mile. 

The  intensity  of  the  sound  diminishes  a«  the  distaic^  becomes 
greater  :   near   by,  it  is  sharp  and  rattling,   like  boards  falling  one 


i  8»9.)  Wbiit  is  Lilftitniiig  ?  Wliat  1»  a  thanderbott  T  Why  int  the  Jiath  o/lsn  9ig^ 
t^iif  i$i  ita  M^tipe  f  Whnl  <>  the  roior  ff  th«  /la^h  7  'What  Is  Tliuniler  ?  ITAy  is  ^* 
thunder*  o^ly  hfiard  ti/ter  ti^  aftpr«<dafda  timsT  no%j»fH4iu  tk6  diHanc^  qf  tfuii 
Jla«K  h4  (JetsrmiHcd  1     What  ^td  has  dUianc^  on  the  so»m2  qf  thunder  f 


I 


I 
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Upon  the  other :   at  a  greater  distaQcej  U  is  dull  and  prolonged  in  \ 
lasif  rumble  of  varying  i«len«ity. 

The  ralilmg  or  rolling  of  thunder  is  diff'^rently  explained, 
aome  it  it  said  to  be  due  to  a  Bucce««<iion  of  echoes  from  the  cloi 
and  the  earth.     Others  regard  lighlning,  tiot  as  a  single  spark,  "bui  i 
a  «ucl?e^8ioD  of  sparkf*,  each  giving  rise  to  separate  explosions  ((id 
sueeeed  each  other  so  rapidly  as  to  produce  a  continuous  rurnMiii 
stiUiid.     Others  aaniu  attribute  the  rolling  of  ilmnder  to  the  zia-J^ 
course  of  the  lifhining,  the  sound  from  different  fioml8  of  ihe/Jg-J 
path  reaching  the   ear  in  times  proportional  la  their  distances, 
this  way  the  sounds  from  diirereni  poinU  are  fupei posed  irregnlarllj 
giviDg  rise  to  irregularity  in  the  resulting  sound. 

,  The  Thunderbolt* 

4O0.     A  TiiUNDEKBOLT  u  a  discharge  of  electricity  bej 
tween  a  cloud  and  the  earth. 

When  an  electrifled  cloud  passes  near  the  earthy  it  acts  upon  it  b^ 
induction^  repelling  the  fluid  of  the  same  name  and  attracting  thil 
of  an  opposite  name.  As  soon  as  the  tension  of  the  two  electricities 
becomes  greater  than  the  resistance  of  the  intervening  air,  a  spark  or 
flash  passes,  and  the  ttiundcrboli  is  said  to  fall^  or  the  lightning  fp 
strike.  The  flash  generally  passes  from  the  cloud  to  l!ie  eartli.  biU 
sometiincB  the  rcverRe  is  the  case.  The  attraction  bet  ween  the  two 
elcctricLties  increases  as  the  distance  diminishes.  Hence  it  is  tbtit 
elevated  objects  are  most  likely  to  be  struck^  such  as  spires,  high 
treeSj  lofty  buildings,  and  the  like.  Good  conductors,  like  melftlfi 
moist  bodioftj  trees,  and  the  like,  are  more  likely  to  be  struck  tliaii 
had  conductors.  Uence  the  d auger  of  taking  refuge  under  a  tree  ia 
a  thunder  storm. 


Effects   of  tlxo  Thunderbolt 


JOl*     The  effects  of  the  thunderbolt  are  extremely  various 
wonderful.     It  crujihes  or  fractures   bad   conductors,  inflames 


ITbw  w  f^  irat/l«  or  roU  o/thuntUr  aeconn/6d  for  f    {  400.)  Whht  Is  «  1 
^It?     WhijdoMUgMnifyQ9irik^f    MFpi<iif^  Vi^  phtnomonon.     What  bodU»{ 
«»o*<  lik^y  to  h6  Btruchf^  What  lenU  tikclu  f    (  401.)  I^eriU  U^  4^<lt  . 


k 


>U8  and 
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«libl&  bodies.  itigUs  metalp,  reverses  the  poles  of  maguel^,  ami 
leu  kills  niQU  atid  animals.     SomeiimeB  it  falln  slowly  in  the  form 

a  ylobe  of  firo.  and  then  explodes  with  a  noise  like  a  battery  of 
.nnon.  It  is  this  Torm  of  li^^h tiling  that  is  most  tikely  to  inflame 
!B  ediDcea  wht^'h  it  ehanceH  t^  striki}. 

It  is  said  th:it  a  ball  of  electrical  fire  fell^  in  1718,  near  Brest^ 
Hking  a  house  wiili  sncli  force  that  the  roof  sprung  up  as  if  a  mine 
id  been  explode*!  beneath  it.  and  the  stones  of  the  walls  w^r« 
jittered  in  all  directions,  some  being  carried  to  the  distance  of  a 
iiidred  and  fifty  feet. 

The  ibiinderbolt  in  often  accompanied  by  a  peculiar  Bulpbiiroun 
lor,  which   i«  dne  to  the  oxygen  of  the  nir  bocoming  electriiied, 
[irmirig  a  product  called  ozone,  -^.^ 

Considering  the  fearful  character  of  the  thunderboli  but  few 
idividuals  perish  from  it.  It  is  estimated  that  no  more  i  an  twenty 
eatha  a  year  occur  from  this  cau5Je  throughout  the  whole  of  Franco, 
irbich  is  only  one  out  of  two  milliotiB  of  iuhabitantB. 


^ 


of  Safety, 

401J,  It  is  recommended  to  those  who  are  fearful  of  the 
fleets  of  lightning,  that  they  should  wear  clothing  of  silk, 
r  still  better,  that  they  Eshoiiltl  eit  in  chairs  insulate*!  by 
[lass  legs  or  wpon  a  thick  plate  of  this  material.     They 

onid  also  keep  as  far  as  possible  from  conductors,  par- 
cularly  the  metals.  When  thus  insulated,  even  if  struck, 
hey  can  experience  only  a  alight  shock,  which  can  hardly 
rove  fatal. 

Tn  some  of  the  French  villages  it  is  customary  to  ring  bells  during  a 

term,  with  tlus   idea  of  driving  away  the  cloud,  and  avoiding  the 

hail  which  ho  frefiuently  accompanicR  thunder  storms.     This  does  no 

good,  but   simpSy  cxpOF=es   the   bell   ringer  to  additional  dangRr^  for 

gh  edificesi   like  church  *;pires,  arc  by  far  the  most  likely  to  be 

ruckj  and  as  the  hell  ro|H58  are  conductors  of  electricity,. the  danger 

those  who  hold  them  is  much  increased. 


WiaiiMiAt  &twi6  oftks  psculiar  tidor  that  oocompnnietL  IPjhtning  f 
IO90  What  Are  KM&e  of  tbti  methoda  of  protecttnn  trotn  lightning  T 
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The  Reiura  Shock. 


403.  The  RErcrRN  Shock  k  a  \nolenl,  and  often  fetall 
shock,  felt  by  men  and  auiniais  at  a  great  tlistanee  from  tk| 
place  where  the  lightning  stiikes,    (See  Fig.  280.) 

Thin  phenomenon  is  due  to  I  ho  inductive  in  fluency  eiert«d  by  ul 
cleclritied   doud    ui^on   bodies  beneath    it^   which  are  all  »iroia^lf ' 
eliarged  wilh   electncity  contrary  to   that  of   Uie  cloud.    Now  if 
a  disclmrge   takes   place   at   any  poiui,   the   cloud    returns  to  lUj 
tietilral  state^  induction  ceases  iiistauliyf  aiid  all  of  ihe  bodies  ele^ 
trifled  by  induction  instanlly  return  to  a  neutral  »tate.     The  a 
iicnness  of  ihi»  return  in  what  coti^^Ututes  the  return  shoclE. 


*N.K 


-':^ 


-~=^^^—-^-J^    i_   -DUd*RDIHi=-rT:^Tr-   —r- 


I 


The  return  Bhook  may  be  illustrated  on  a  small  scale,  by  placii 
a  livhi?  (rng  near  an  electrical  machine  in  motion.     Every  time  thi 
the  much i lie  is  discharijeji    by  placing   the   finger   upon   it,  the  fi 
cxporiencea  a  ^liockj  which  is  nothing  else  than  the  return  shoclr 
above  described. 


<  403 . )  Whikt  la  the  Botnni  Skook !    Jlcplo^f^  ila  catut^    ffow  UlutkvitA  f 


i 
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Hghtniiig-ro<J** 


-101,  A  LiGiiTXTNG-ROD  IS  a  I'oil  of  mctal,  placed  upon 
a  building  or  ship,  to  pre8erv,ewit  fi'oiu  the  effect  of  Jiglitiuii^, 
m  shown  in  Fig.  2BI, 


I 


Fig.  281. 

A  lighUiiiig-rod  should  fulfill  the  following  conditions: 

L  It  should  be  of  sufficient  aize. 

A  copper  rod  of  a  Imlf  inch  in  diametcrj  or  an  iron  one  of  three 
foiirihs  of  an  inch  in  diameter,  is  large  enough  to  protect  ak  v 
builtlitisf. 

2.  If  made  of  more  than  one  piece,  the  parts  should  bo 
screwed  or  welded  together,  to  avoid  defective  joints. 

1(4114.)  Wliat  la  a  Uffhtnlng-md?    Whnt  la  tlie  flrat  oondiUiai  that  &  lightning 
tod  ■houid  f aJflll  f    lUutstrate.    Second  oondltlon  T 


498  TfsmnjkM 

Z,  It  ihoal^  termtnttle  aho/we  m  a 
Thtt  point  sbooia  be  cjf  pIstttMni  tfcat  il  my  ml  be  te4^ 
It  mbu  |*n!Yeiil«  ibe  pomt  from  rusting. 

4,  The  fwl  shouUl  be  carried  down  into  the  eartli  tffl  it 
meets  with  a  goo«l  cofidiietbig  medium,  such  asakferot 
wc!t  or  moist  owth. 


When  na  soflli  ntedium  can  be  nmeked^  m  pit  slaooM  bedQ^anl 
mfUit  Ihe  tower  end  of  the  rod  has  boon  earned  to  tJi*  botloni,  U 
nhoiilii  he  near! J  filled  with  acinie  good  conductor^  a«  ook& 

The  Itghtninr^.fod   w&s  inveoied  by  Fraxkum^  wbo  tbooghtthftl 
lU  protective  action  consisted  in  drmwing  off  ihc  elceinciiy  from  liic 
cloud,  and  conduetiiig  it  to  tbe  earth.     The  real  explanaiion  oi  its 
utility  il  jiml  the  reverse      Tbe  cloud  acts  by  ind action  apon  tliel 
earih.  re)ioUtii^  the  electricity  of  the  same  Dame  a^  that  iit  the  cloudy  J 
and  uilraeiitig  that  of  an  ofrpo^ite  uame,  which  accumulates  upoo  i 
bodicn  under  the  cload.     Now,  by  arming  a  body  with  metallic  pobtil 
oommuiiicaiin^  with  ihe  earth,  wo  permit  a  flow  of  electricity  froinl 
the  earth  to  the  clotid.     Tliia  flow  not  only  prerent^  tbe  aeeumola* 
ijon  ot  eleeti  icity  ufwu  tlk*-  bod\%  but  it  lends  gradually  to  neutraliial 
the  electricity  of  the  cUmd  it^ctf  and  thus  the  rod  acta  in  a  doublaj 
way  to  prevent  the  body  from  beiii§  atruek. 

Electrical  Meteors. 

405,     A  Jf  KTKOR  h  any  ntniosplicric  iihcnomenon  ;  thiis,] 

wind,  rain,  snow,  hjiil,  thunder,  nod  ligbtiiing  are  raeteort 
Besidt'R  tJmnder  and  lightiiiiifj,  three  other  meteors  are  a1> 
tributable  either  wholly  or  in  part  to  electricity;  thes 
arc:  hftii^  tornados^  and  the  aurora  b&reaUs. 

HaiL 

J 06,     II AIT.  eonsiftta  of  globules  of  ice  which  fall  from  tb^ 
<"'«>ud.H.     Tfie  globuleis  consist  of  a  coating  of  ice,  disposed 


itMm^Mf^^/'.u.ti^tn,    (H>5.)  What  Lb  a  Meteor f    Mention  uame  of  thorn.    iAQ 
Wh«t  1,  Hull  I 


kbont  a  central  nucleus  of  compact  snow.  They  are  called 
^Miihtones,     Hailstones  sometimea  are  very  large,  being  not 

iiifrerjuently  as  large  as  a  pigeon's  Q^g^  and  it  is  said  they 
Boioetimes  wcigli  ^ivenU  ounces. 


A  fall  of  hail  is  often  precseded  by  a  noiBe  like  that  of  rattling 
imitfj  in  a  bag.  This  noise  is  attributed  to  collisioiis  between  the 
Imiktones.  A  hailstorm  is  alwaye  accompanied  by  electrical  pbe- 
nomena,  and  thunder  generally  precedes  waceompaniesi  tho  fall  of 
iiajl.  From  this  circumstance  it  La  inferred  that  hailstorms  are  in 
some  way  dus  to  electrical  action.  As  yet  no  f^alisfactory  theory  has 
been  advanced  to  account  for  tho  formation  of  hailstonoi*,  and  ospe- 
ially  those  enormons  ones  that  are  ssometimeR  seen. 

VoLTA  supposed  them  to  be  formed  between  two  clonds  oppositely 
slectrified.  and  that  they  were  alternately  repelled  from  one  to  the 
other,  like  eleclrical  puppets,  during  which  titne  they  were  continu-  ■ 
jilly  increasing  in  size  by  congealing  the  moifituro  of  the  cloudn  upon  ■ 
ibeir  surface,  till  at  last  they  became  heavy  enough  lo  break  through 
,the  lower  cloud  and  descend  to  the  earth.  This  theory  ib  now 
fejeeted. 


\ 


\ 


40T,  A  ToKXADO  is  a  violent  whirlwind,  attended  with 
rain,  thunder,  and  lij^htniiig.  Tornados  often  travel  con- 
iderable  distances,  overturning  buildings  and  uprooting- 
reea ;  they  are  accompanied  with  a  noiee  like  that  of 
lieavily-loaded  carts  driven  over  a  stony  road.  The  flashes 
of  lightning  ami  balls  of  electrical  tire  that  accompany 
tornados,  indicate  their  electrical  origin. 

Two  species  of  tornado  are  recognized :  terrestrial  and  marine, 
^according  as  they  take  place  on  land  or  on  water.  The  latter  class 
present  remarkable  phenomena.  The  rotary  force  of  the  wind  raises 
the  water  in  the  form  of  a  cone^  whilst  a  second  cone  forms  in  the 
cloudj  having  its  apex  downwards.  These  cones  move  to  meet  each 
i^ther,  forming  a  column  of  water  reaching  from   the  ocean  to  the 


I 


Describe  a  hallstono.  Ef^plain  ths  rattling  nound  preceding  a  httiUtorm.  WJusi 
f«M  VoLTA'a  ifui&ry  of  the  formation  uf  haU  f  {  407.)  What  b  a  Tornado  ?  Why 
ii  U  rogftrded  as  of  electrical  origin?    IFoie  many  specUa  of  tornadwt  jf 
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cloud.    Ill  this  form  the  ooIiudq  of  fluid  is  called  a 
Wbea  a  w&ter-spout  strikes  a  ship^  it  does  ttnmeDse  damage. 

Th»  Aurora  Borealia. 

* 

J  aft.  Tlie  Aurora  is  a  luminous  pheQomeDon,  wM^ 
ii|i|K'ar»  most  frequontly  aboot  the  poles  of  the  eariKawl ! 
iiuH'c  i>ani€iilurly  about  the  boreal  or  uoi  there  jjole,  wbencc  I 
its  luuoe. 

At  the  close  of  iwiligbt,  a  vague  and  dim  light  appears  in  lb« 
borizoti  in  the  direction  o(  the  magnetic  meridian.  Thti«  light  gra^iu- 
ally  assumes  the  term  of  an  arch  of  a  ]iule  yellowish  color,  having 
its  concave  side  turned  lowaids  llie  earih.  From  this  arch  slrewni 
of  light  shoot  forth,  pasiiing  from  yellow  to  pale  green,  and  theo  to! 
the  moat  brilliant  violet  purple.  These  rays  or  sireams  of  light 
generally  oonvcrgo  to  that  point  of  the  heavens  \ihich  is  indicalcd 
by  tlie  dipping  needle,  and  tfiey  then  appear  10  form  a  fragroeiilol 
an  immense  cupola,  as  t^hown  lu  ¥v^.  28;^, 


Tig.  2S2 


W^ot  U  a  W0far-^pcw«7     (408.)  What  Is  tli<j  Aurora?     D^aeHb*  iL 


ATMOSPHBRIC    ELECTUICrrY.  431 

the  aurora  is  always  accompanied  by  a  disturbance  of  the 
c  needle,  and  is  generally  arranged  in  the  direction  of  the 

because  the  chemical  action  of  electricity  is  accompanied 
isely  analogous  phenomena,  it  is  inferred  that  it  is  due  to 
kl  action.     Such  is  at  present  the  generally  received  belief. 


^' -. 

i  1 
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CHAPTER  IX, 

DTNAHICAL         ELECTRICITY. 


-rUKPAVlBtTAL      PRtNOtPLES. 


Qalvami't  Bxperiment. 


icri 
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409,  It  has  been  observed  that  chemical  corabinfllions 
are  sources  of  electricity.  The  form  of  electricity  A"* 
developed  is  different,  but  its  nature  is  the  same  as  ibat 
|iroiliuH'd  by  fnction.  The  name  of  Galvanism  has  be«^ 
given  to  electricity  developed  by  certain  chemical  combiiii^ 
tions,  in  honoi:  of  Galvani,  who  first  discovered  thifl  QC^ 
way  of  generating  it. 

In  1 790,  Galvani  obitcrvcd  that  the  body  of  a  frog  recently  kiHedi 
when  |jla<?e<l  near  a.n  electrical  machine,  manifested  eigna  of  etciw- 
lion  whciic\*er  Rparka  were  drawn  from  it.  The  cause  of  action  Wftis 
in  fact,  the  relitrii  shock,  as  haa  heeu  explained  ;  bat  GalvaHI, 
ignorant  of  this  fact;  began  to  seek  for  an  explanation  of  the  pHc- 
iiomena.  One  day  he  saw  a  dead  frog  suspended  from  a  cop'per  \ 
hook  in  a  window^  and  noticed  a  muscular  contraction  whenever  I 
wind  blew  the  lower  extremities  against  the  iron  bars  of  the  windo* 
Here  was  a  case  of  electrical  manifestation  which  was  entirelj 
independent  of  any  electrical  machine,  and  it  t^urnished  a  clew  to  < 
«f  the  most  important  discoveries  in  modern  gcience. 

This  discovery  led  to  an  eiieriment  which   may  be  repeated 
follows :    Having  killed  a  frog  and  cut  off  the  hinder  half  of 
body,  we  suspend  it  by  a  copper  hook,  c^  passed  betweeu  the  ba 

(409.)  What  U  GdTftDlunr    Wlif  m  ettlludf    &fptit4n  the  mciKod  qf  iU  Ok^ 
««>»«ry,    ffoto  may  QALVAWfs  tmpBrimtmt  h4  repeated  f 
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and  the  nerves  which  run  on  each  side  of  it,  aa  ehown  ii 
S83;  thea  hoiding 


feiTiall   plate   oi'  zinc, 

■s        in    the     hand,    we 

■"'n^  one  end  of   it   in 

^^^^tact  with  til©  copper 

-in     that     holds     the 

*k,  and    then    touch 

legs  of  the  frog  with 

P**e  other  end.    At  every 

intact  the  muscles  con- 

l*''^«^tj    reproducing     all 

I  ^*»«  motions  of  life. 

<^ALVANi  ttUributed  tlio 

P'^tiiomena  observed,  to 

*«o  electricity  existing  in 

'^wiraal    tissues,    which, 

pa&aujg  from  the  nerves 

^  the  njuscles,  through 

themetala,  produced  the 

iDUBcular  contraction  B. 


I 


Fig.  2S3 


Volta's  Theory  of  Cootaot. 

'110*  VoLTA  repeated  the  experiment  of  Oalvaxi,  and 
after  much  study,  advunced  the  theory  of  eontact.  Accord- 
ing to  this  theory,  when  two  metals  or  other  dissimilar  sub- 
stances are  simply  brought  in  contact,  there  is  always  a 
decomposition  of  the  natural  electricity  of  hoth  bodies,  the 
jjoaitive  fluid  going  to  one  and  the  negati^^'e  fluid  to  the 
other. 

In  the  case  of  the  fro",  the  electrieity  was  supposed  to  be  de- 
veloped by  the  contact  of  the  copper  hook  and  zinc  plate,  the  nerves 
and  muscleji  serving  simply  a.s  conductors. 

VoLTA  called  the  force  which  separates  the  two  electricities  in 
cases  of  contact,  the  elect ro-wotive  force,  which  he  Bupposed  to  act 


i 


7b  ^Bhai  cHd  Oaltawi  attribute  the  phenomena  obeerved  f   (410.)  What  was 
?0].TA%  tbeorjt     What  ie  the  tieatrthmoHite  Jbrcet 
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like  the  coerdut  forcr  in  mEgneti^m,  to  prevent  a  ^e<!om^ 
the  aopariited   fluids.     He   called    those   bodies  which  l, 
developed   rauch  electricity,  gw)d  ekctr^-motQrSy  and  llioee  wliirJi 
developed  but  little,  he  called  had  eUciro-nwtors.    The  bcsl  elwtip- 
motors  are  ztno  and  copper  soldered  together, 

Jn  confirmation  of  his  iheyry,  Volta  performed  the  experiment 
explairie<1  in  »pcaking  of  the  coudeusing  eleotrometer,  Figs-  273  aiii 
874,  Thi«  deciiive  experiment  overthrew  liie  theory  of  GuvaW 
I'he  theory  of  contact  has  ainoe  given  way  to  the  chemical  thwnfi 
which  will  be  explained  hereafter. 

Th«  Voltaic  Pile. 

411*  In  the  year  1800,  Volta  invented  an  app 
by  which  he  could  multiply  the  number  of  contitcts,  and  thus  I 
produce  a  more  powerful  effect.  This  apparatus  b  cM 
the  voUaic  pile. 

The  voltaic  pile  has  received  many  different  forms,  hut  the  sJitn* 
principle  is  applied  in  all.  One  of  these  is  shown  in  Fig.  2S4.  H 
oousists  of  an  assemblage  of  couples,  each  consisting  of  a  di&k  of  m^ 
per  and  a  disk  of  zinc  in  contact^  and  each  couple  being  $epariitc<l 
from  the  next  by  a  layer  of  cloth  moistened  with  dilute  sulpii"^'*^ 
acid.  The  couples  are  all  disposed  in  the  same  order,  the  zinu  ^i 
each  couple  being  always  on  the  same  side  of  the  corresponding  di( 
of  copper.  When  the  pile  is  completed^  (here  will  bt  a  disk  of  t^ 
at  one  end  and  a  disk  of  copper  at  the  other,  A  connection  is  w* 
between  them  by  means  of  the  wires,  a  and  h,  one  being  attached  I 
each  of  the  extreme  platca. 

In  the  pile  shown  in  Fig.  284,  there  are  twenty  couples,  the 
disk  being  at  the  bottom  of  each  couple^  and  the  copper  on©  at  I 
top.     The  pile  in  supported  by  a  suitable  frame- work. 

This  apparatus  haa  been  much  modified,  but  the  name  pile 
been  retaioed  for  all  apparatus  of  Ihe  same  kind,  and  the  electric 
generated  in  this  way  is  called  voltak^  or  galvanic  electricity 


What  art  good  and  bad  ti€etr0^mctfiraT     (4110   What  Is  the  vdlt«le  ] 
^««crih«  the  patjtgurtd  in  ths  tmeL     What  narM  U  givan  to  ttu  i 
the  piUT 
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Electrical  Tenaion  in  the  File Poles.  —  Ulectrodes. 

419.  In  a  pile  wliieh  is  insulated^  one  half  is  found  io  he 
electrified  poBitively  and  the  other  half  negatively,  the  nriddlo  being 
neutral.  In  the  zinc  and  cf>pper  pile,  that  end  towards  which  ihe  zinc 
plate  in  each  couple  is  turned^  is  p<»Bitivej  the  other  end  being  nega- 
tive, as  indicated  by  the  sisna  +  and  — ,  in  Fie.  284. 

The  tension  of  the  electricity  in  cither  end  increases  with  the 
number  of  couples  in  the  pile^  but  is  independent  of  their  KJze,  The 
tension  is  greatest  at  the  two  extremities ;  hence  ihese  cxIremitieH 
are  named  poles  ;  the  one  towards  the  zinc  end  is  the  pofi£ive  pok, 
the  one  towards  the  copper  end  is  the  negatwe  pole. 

The  wires,  a  and  b  (Fig  284),  which  are  attached  at  the  twa 
poles  for  the  purpose  of  completing  the  circuitj  are  called  electrodes. 


I 


(413.)  J^<»P  doeM  the  i^tvHtm  vary  in  <M  pUe?  ^  Wher*  it  U  ffrMUttin  ang 
piU  f     What  ars  tAe  poU/t  t    Hoxe  nanntd  f    Whai*ar^  ih§  9t$etrod**  f 


"V  ^m 


LAB,     raYSlC& 


dectiical  Ourretits. 


€1^*    So  long  as  the  electrodes  remain  separated,  tkl 
pile  manifesto  »o  electrical  action,  but  on  being  bruu^^ 
near  each  other,  a  small  epark  is  ^een  to  pass,  whtci)  ^ 
from  a  recc»nibiniition  of  the  two  electricitiea.    Tbe  p«flMp 

»of  the  spark  does  not  discharge  the  pile,  as  is  the  case  ^ 
the  Leyden  jar.  We  see  a  contintml  sueeession  of  BparU, 
showing  that  the  process  of  decomposition  is  eoutiDoallylt«f* 
np  in  tfie  pile,  by  which  the  poles  are  continually  fed  ^ 

I  new  supplies  of  the  positii^e  and^negative  fluids. 
If  the  two  wires  are  brought  into  actual  contact,  t^i« 
sparks  cease,  but  the  flow  of  tbe  fluids  continues  as  before, 
decomposition  going  on  in  the  pile,  and  recomixisition  taking 
place  through  the  electrodes.  This  continuous  flow  of 
electricity  U  callefl  (he  electric  current    There  are,  in  f^tt^ 

I  two  cnrrents  flowing  in  opposite  directions,  according  to^''^ 
two  fluid  iheory,  but  it  is  found  convenient  to  consider  only 
one  of  theui,  namely,  that  which  flows  from  the  positive  to 
the  negative  pole.  In  the  figures,  hereafter,  the  dinciion 
■     of  tliia  current  ^\i\i  be  indicated  by  an  arrow,  as  in  Fig.  29^" 

ChemioAl  Theory  of  the  PUe- 
414      FAnnoxT  first  sugirested  that  the  phenomena  o^ 
the  pile  were  due  to  chemical  action.     In  tbe  pile  descrile^i^ 
the  dilute  aci<l  in  the  cloths  between  the  couples,  acting  upon 
tbe  zinc,  was  supposed  to  be  the  cJiuse  of  the  development 
of  electricity.     This  view  waa  adopted  by  Davy  and  Wol- 
LASTON,  who  made  many  experiments  calculated  to  sustain 
it.     Finally,  Dk   ijl  Rive   and   BECQirEiiEL    succeeded  in  I 
demonstrating  most   conclusively  that   in    every  cheinicnl| 
action  electricity  is  developed.     They  also   showed  thi 


( 4ia.>  What  phenomemin  Isobaerved  when  the  circuit  Is  completed?    What  I* 
tbtt  electee  current  ?    Whlth  way  do  we  sni^pcia*  the  cmrrent  to  flow  7   (414 
'*M  FABROftfB  tbeorf  f 
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^tiever  a  metal  is  attacked  by  an  acid,  the  former  is 

t^Jtively  and  the  latter  negatively  electrified.  ^^ 

^According  to  this  view,  whicli  h  now  universally  adopted, 
% 
; 


^B  acJciiiiated  clotlis,  that  Yolta  regarded  as  simply  con 
doctors,  are  in  fact  tlio  principal  cause  of  the  development 
^l  e/ectricity. 


The  darbOQ  File. 


1 


€1$.     The  Caebon  Pile  was  invented  by  Bunsen,  about  ^ 
tvventy  years  ago,  and  is  often  called  the  Ihmsen  Pile,         H 

Each  €Ouj}l£  of  Bl'nsen*s  pile  consists  of  four  pieces,  which 
are  shown  both  separately  and  united  in  Fig.  285.    These 


Fig  88& 

■parts  are:  L  An  earthen  vessel,  j4,  containing  dilute  sul 
phtiric  acid ;  2.  a  zinc  cylindei',  ^,  open  at  oue  side  and 
having  a  strip  of  copper  soldered  to  its  upper  extremity ; 
3*  a  vessel,  C>  of  porous  earthen-ware,  containing  nitric 
acid  ;  4.  a  cylinder  of  carbon  or  coke,  which  is  well  calcined, 
and  a  good  conductor  of  electricity.     At  the  top  of  this 


How  Ia  the  »ctloD  of  the  pile  explalnad  ancoTdlng  to  IhiB  tbrory?    (4150  Who 
iDTented  the  Garboli  Pile!    Wbe&?    Describe  one  of  the  couplee  uf  BtrKSEii's  V^l^m 
1q  detail.  ■ 


cjlioder  %  lUni  of  copper  k  inacrtod,  to  wliie 
thin  itrip  of  tli#  amo  nctaL 

The  eompletod  eoople,  njiniMmlnl  MP,mftMA\f|^ 
putting  the  cjrliiider  B  into  ^,  then  pottia^  C  into  ^  si 
finiilly,  introdticing  the  ejinider  /^  into  tht  cflMer  C.  Oi 
liringing  the  aljps  of  eofiper  Id  cootaict,  m  eamaft  of  dlBe" 
trkit y  b  deTeloped,  flowing  firom  the  carhoci  to  the  mc. 

In  tht»  ease  there  w  &  d«iiibte  chemiol  wBiwa.    Walor  k  iMSB- 
poM^cl  in  the  Tewel  A,  fivins  its  oxf feo  to  the  iinrc,  fonntn^  ttydfiiC 
sine,  wljich  is  titken  Dp  by  the  «iijphanc  icid^  |vodi»cii^aii]pfaaifi«( 
zttic,     Thtu  remains  in  noluticm.     The  hydrogen  of  the  vmlerpaaei 
through  the  porous  cell,  C,  and  aniting  with  a  part  of  the  oxyeea«f 
the  nitric  acid,  dooonipoBCs  iL  reprodacin^  valer.  mod  al.^»  formini 
iiitroua  Qcid,  which  ef»c4>pe«  in  fames.     This  itouhle  aetioo  deT«topfr 
a  largo  o mount  of  electricity^  that  flows  from  the  carbon,  vbich  it 
the  poaitivej  towards  the  xinc,  whieh  is  the  nesative  pole  of  the  coapk. 

Any  number  of  couples  may  be  miitcd  by  attaching  the 
coi>pfr  Blip  of  the  zinc  cylinder  in  one  couple  to  that  of  the 
ciirbott  in  the  next  couple,  and  so  on  ibroughoat  the  com- 
biuntlon.  The  remaining  two  slips,  which  will  be  at  the 
extreme  entls  of  the  combination,  may  be  united  by  a  con* 
fl  lie  tor. 

Such  a  combination  is  called  a  ffalvanic  battery^  or  aome- 
times  a  voifaie  battery,  A  galvanic  battery  haa  been  cod* 
fitriictcd,  conlaiiiing  as  many  as  eight  hundred  coupled 
Fig.  280  rci*rci>ents  a  battery  of  twenty  couples. 


^ 
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Bflecta  of  the  Oalvanic  Battery. 

1 10.    The  Effects  op  tite  Galvaishc  Battehy  mty,  foi 

'nnvtMiience  of  stufly,  be  divided  into  pfif/sialof/ioal^ 

^pla4n  tfm  action  of  n  errupt^  of  Buxbkw's  pile..    How  are  th«  erinpl^'f 
*^«^l*rt f    W bnt  k m ch  n  combi nattou  calkd f    ( -1 1 6)  W brnt  we  the  priaeijMl c " 
0*  IM  gAlv&alo  battery  ? 


m^> 
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%  Uluminating^  c/wmiccU^  and  magnetic,  Tbey  are  all 
^^e  to  tbe  recombination  of  the  two  elcctricitieft,  as  in 

|*^achme  electricity,  but  they  are  more  remarkable  and  more 
^ftergetic,  because  of  their  continuous  action. 
'  FtijHidlogioal  Effects. 

41 1 T,  The  Physiological  Effects  of  galvanic  electricity 
are  a  succession  of  sltocks  producing  violent  muscular  con- 
IrnctionB,  not  only  in  livings  but  in  dead  animals,  as  shown 
in  the  case  of  Galvani's  frog. 

When  we  touch  but  one  of  the  poles  of  a  gulvaiiio  buttery^  no 
shock  is  felt,  but  if  we  take  both  electrodes  iti  our  handa^  as  in  Fig. 
we  feel  a  sen&aiiou  aimilar  to  a  ahock  from  a  Leyden  jar^  with 


1 
I 

1 


T«  wb»t  Kre  thcj  dae  f    <  41  ?•>  Whit  »re  tbe  physiological  ejfecto ? 
•hock  b€  oVtaiMd  from  a  haitsiy  f 


L 


d 


»  BUp^lf  of  tiie  two  floida, 
by  rveonbiitftlioii  in  puvinf  iliio«s^  tte  ImIj  mi  tkm  i 
Tb«  •ibrt  of  galvanic  eleelrialj-iipaa  tbe  Nfica  «f 
fi  pomliAfly  slrikifi^.  It  pradoen  ▼mIw<  cmMcmImv  tf  t^ 
,  eaiuing  rooliam  itniilai-  to  iHmp  af  tks  fivims  ^c*"!-  ^ 
Lbt  oenaskm  of  performing  aoiiie  expcruncvta  apoft  tka  Mf  d  • 
trimlMl  who  bad  been  eieeoted,  in  Eag^u^  a  ▼iole^  i^  mtqI- 
witn  rwpi ration  waa  prodaeed,  tbe  cjca  opened,  Ihs  lijp  Mwel  la^ 
ibe  faor,  i»o  longer  under  the  control  of  the  will,  aiaavwd  exfreaiom 
•o  ttracif*  and  hornfy^ing  thai  one  of  the  awrtaata  aimed  fraa  ter- 
ror, and  ofiJf  recovered  hia  natural  itate  of  mind  afier  seTenl  dijs. 


Hitttlng  Sfiecta. 

4 1  A.     When  &  current  of  galvanic  electricity  is 
ilinmgh  a  coT]iiuctor,  it  becomes  heated,  and  often  to 
a  di»)^ee  as  to  produce  fuiuon  or  even  vaporization,    Whe 
a  poworf\il  current  is  passed  through  a  wire,  it  soon  become 

incandoscont,  and  ilicn  melts  or  is  dispersed  in  vapofj 
Hrnall  wires  burn  with  splendid  brilliancy.  Silver  btir 
with  a  gnu'iiinh  light,  an<l  itiiicb  smoke  arising  from  thd 
vajHiriziition  of  the  metal.  Gold  bums  with  a  bluish  whiti 
light.  Platiiuim,  which  is  infusible  in  the  most  intense  ho^j 
of  our  furnauen,  ineltij  into  spherical  globules  w^ith  a  dazzlij 
light. 

With  a  hatter V  of  000  couples,  Despretz  fused  nearlj 
halfa  pouTitl  i>f  platinum  in  a  few  minutes.     Carbon  is  th 
only  b(jdy  which  has  not  been  fused  by  galvanic  electricitjj 
Dkhpuicp/*,   however,   by  pxssing  a  current    through 
iwirt  of  pure  earhon,  sureet'dod  in  softening  them  so  mud 
that  they  could  be  bent  and  made  to  adhere,  which  indicat 
nn  ajipriKirli  (o  fusion. 


What  ^flK'i  hn»  ffittvanta  *l^iHeUy  tm  d^ad  aHimtOt  f    '418.)  I>ei«ril>e  tlM 
'  '"    *»'  tile  tMitterjr.    Dksfkctz*  flxpertmeiita. 
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emitting  a  light  of  dazzling  brightness.     If  the  pointe  Bt^ 
slightly  separated,  the  current  still  continues  to  pa»| 
tweeu  them,  and  the  light  takes  the  fonn  of  a  lun 
arch^  called  the  voltaic  arch.     In  this  experiment  the  point 
connectt^d  with  the  positive  pole  wastes  nwaT,  whilslj 
Other  increases*  in  size ;  henco  we  conclude,  that  partich 
carbon  arc  transported  from  the  ibnner  to  the  latter;  tlfi 
explains  how  tlie  current  continues  to  pass  in  spite  of  ita  - 
inter V id  which  separates  them. 

The  inieneili'  of  the  electrical  light  i«  very  grreftl.     A  battery  of  ' 
48  Brnall  eaupfen  furnislics  a  fii:ht  equal  to  thai  of  ^72  wax  caniUet; 
with  100  couplns  n  light  in  prmluced  fo  inlenifie  as  to  ria-fzle  Ihe  eye*, 
and  Willi  liOO  couples  the  intensity  is  sueh  a?i  to  render  li  as  iiiipo»- 
fiihli!  la  look  at  it,  nft  it  is  to  look  at  the  sua. 

In  1844.  F<nicAii,T  flrf»t  made  use  of  the  olcotrieal  liaht  in^ftd  o* 
that  of  the  sun.  to  illuatmaio  the  Rilur  mroroscope.  Since  theo, 
mjiny  attompts  have  been  made,  and  with  gofim  Fuccofs,  to  apply  it 
10  pur|io!*c»  of  general  ilium iimt ion.  Fig;  387  represent*  an  appa- 
ruiufi  employed  for  Ihc  purprnc  of  illumination.  The  battery  isooo- 
tttined  in  ihe  interior  of  a  cast-iron  ppdestnl  upon  which  is  ereeted 
a  column  of  Uie  ^amc  materitil.  At  ihc  top  of  the  column  are  two 
carbon  pniuta.  one  connected  with  each  pole  of  ihe  battery  by  copper 
wiree.  insulated  Dy  gutta  percha  eoverings.  ^^ 

Ohemical  BCtecta.  V 

^90«  Tlie  most  iin|)<>rtnnt  cheniical  effects  produced  hy| 
gah  anic  electi^icity,  are  the  decomposition  of  bodies  traven^j 
b\'  it,  and  tlje  trnnsportntiuii  of  their  eluitients. 

In  order  to  iindcrFiand  the  phemieal  effects,  wc  must  explain  tin 
monnini»  uf  certain  (crms  employed  in  chemistry. 

Oiiptcs  arc  gcurrathj  con»]i«iin«lB  of  oxygen  witli  the  metol«.  Thvj^j 
iron  rust  in  nn  ojtydo  of  iron*  lUat  is,  it  is  a  compound  of  rxyscn  an 
iron  ;  vermilion  is  an  oxydc  of  lead  ;  potash  is  an  oxydc  of  polafsmin 
anit  BO  on. 

^h&t  la  the  Toltofe  arcli?  lUwftnrte  hy  r^implt,  Dt^firihe  FnucAui-T-t  tvptf^ 
*^*fU.  JH*eHhf  thm  apparaitj,  fav  inumituitinn.  (  4800  What  mre  ibe  looet  id 
P«rtattt  chemicAj  •ffie.eut     WAat  art  omydu  T 


Acids  ^Ti^  generally  compouods  of  oxygen  w'llh  some  noD-metalHc 
y.     Thus,  sulphuric  acid  is  a  compound  of  oxygen  and  sulphur; 

trie  acid  is  a  compound  of  oxygen  and  nitrogen  ;  carbonic  acid  is 

compmind  of  oxygen  ant!  carbon,  nud  so  on. 

Stdts  are  generalli/  compounds  of  an  acid  with  an  oxyde.     Thus, 

ilphaie  of  potash  h  a  compound  of  Bulphurie  acid  and  potash, 
if.rate  of  copper  is  a  compound  of  nitric  acid  with  an  oxydo  of  cop^ 

r,  and  so  on. 

In  these  dchnilions,  wo  Bay  gcnf:rftil}f,  because  the  definitions  given 
only  intended  for  illuHtration.  and  it  is  not  thought  best  to  enter 

lf>  a  detailed  account  of  the  various  substances  described.     That 

rlongs  to  Chemistry. 


Decompoaitioti  of  Water. 


€*21.     A  galvanic  current  was  first  employed  to  decom- 
pose  water  hi  the  year  ISOO,  by  Carlisle  and  Kicholson. 


1 
I 


i 


ro  repeat  the  experiment,  we  may  employ  the  apparati  ^ 

phown  in  ¥hr,  288.     It  cansista  of  a  glass  dish  with  a  wooden 

r>ttom.     Rising  from  the  bottom  are  two  platinum  wires. 

Aotdmf    8nUn?    ( 421.)  When  wu  wBtor  flnt  deeompowdf    How  mi;'  the  ex 
leni  bo  Tepe»t«d  f 


I 


I 


444  porriAB  fhtbics. 

which  pom  through  the  wooden  staaid  and  terminal  w  **  1 
lobeA^  a  and  b.    Thesic  wires  serve  as  electrodes. 

The  glass  vessel  is  partially  filled  with  water,  to  vto»| 
amall  quantity  of  milpburie   add  is  added  to  improve  tiS 
conduiaing  j  ower.     Two  narrow  bell-glasses,  ^and  0,»Tt 
Riled  with  water  and  inverted  over  the  two  platinum  vii<«. 
The  tube,  a,  ia  then  connected  with  the  positive  pole  of  ^ 
Imtlery,  and  the  tube,  b^  with  the  negative  pole.    A  current 
b  »*l  op  frcnn  one  wire  to  the  other  througli  the  water,  and 
deoami>oe4tion  begins,  as  is  shown  by  bubbles  of  gas  rtabgiu 
the  two  Yiell-glaaseit, 

By  testing  the  gases  thus  obtained,  we  find  that  in  the 
gtlM^  O,  corresponding  to  the  positive  pole  of  the  battery, 
IB  pore  oxygen,  whilst  that  in  the  glass,  ZT,  corresponding  to 
the  negative  pole,  is  pure  hydrogen.  We  see  also  thst  the 
Tolnme  of  hydrogen  is  twice  that  of  the  oxygen,  Tirw 
experiment  shows  that  water  is  composed  ot  oxygen  ami 
hydrogen,  mixed  in  the  proportion  of  one  volnrae  of  the 
former  to  two  of  the  latter. 


^ 


Deoompotition  of  Oxydes  and  Salts. 

4^^.     Oxydes  and  salts  may  in  like  manner  be  deoon 
posed  by  a  current  of  electricity.     In  decomposing  oxydc 
the  oxygen  is  transported  to  the  positive  electrode,  and  th 
metal  to  the  negative  electrode.     In  the  decomposition  of 
acids  there  is  a  like  transfer  of  elements,  the  oxygen  going 
to  the  positive,  and  the  other  component  to  the  negativSMJ 
electrode. 

In  decomposing  salts,  there  maybe  several  cases.     Sorae^ 
limes  there  is  a  simple  resolution  of  the  salt  into  an  acid  an^f 
an  oxyde,  in  which  wise  the  acid  goes  to  the  positive  and  th^ 
oxyde  to  the  negative  elet-trode.      Sometimes,  besides  th^ 
■     separation  into  acid  nnd  oxyde,  the  latter  is  decompose4^| 

I       ^<Pl**n  In  deun.    {  4%%  )  How  tnaj  oxydeA  and  rolU  ba  deoomp«M4r    £z|»liiU 


^P^thi 
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this  case  the  oxygen  and  the  free  acid  go  to  tlio  positive, 
^'^^-nd  the  metal  alone  goes  to  the  negative  electrode.     This 
"Motion  is  utilized  in  the  process  of  clecJrotYping, 

Davy,  at  ihe  Ijpginning  of  the  present  centnry,  used  the 
*>attery  to  decompose  potash,  soda,  lime,  baiyta,  magnesia, 
Alumina,  &e.,  and  thus  demonstrated  that  all  of  these  sub-  ' 
stances,  previously  regarded  as  simple  bodies,  were  in 
Reality  compound.  They  consist  of  oxygen  united  with 
i^etals,  which  are  called  respectively,  potassium,  sodium, 
calcium,  baiium,  magnesium,  alumiiiiiim,  (fee. 


h 


Application  of  Electricity  to  GtalvanoplMty, 


I 


499.  Galvanoplasty,  or  Electtrotyfing,  is  the  opera- 
tion of  copying  medals,  statues,  and  the  like,  in  metal,  by 
the  aid  of  galvanic  electricity. 

Such  copies  were  formerly  made  by  the  process  of  casting ; 
now  they  are  in  many  cai?c3  more  elegantly  produced  by 
galvanoplasty.  This  process  was  discovered  siraultaneonsly 
by  Spencer,  of  London,  and  Jacobt,  of  St.  Peteisl  urp,  in 
1838,  the  year  preceding  the  discovery  of  the  djjgueneutypy 
process. 

IMEethod  of  ^lactrotyping. 


424.     The  first  step  is  the  preparation  of  a  mould  of  the 

object,  upon  the  accuracy  of  which  depends  the  success  of 

the  entire  operation.     Wax,  plaster,  or  giitta  percha  mny 

be  used,  but  the  latter  material  is  now  considered  the  best. 

At  ordinary  temperatures,   gntta  percha  is   hard,  b«t  on 

I       bikini:  heated,  it  becomes  soft  nud  diiclile.     To  form  tlie 

B  mould,  the  gutta  percha  is  wamied  by  putting  it  into  a 

\       vessel  of  warm  water  and  allowing  it  to  remnin  till  it  is  of 

I       the  proper  soilness  ;  it  is  then  placed  npon  tlie  object  to  be 


Explain  Datt^  e)cp«rim*Titfl.    ( 443  )  What  is  Oal viii«pIo»tjr  ?   When  diioovftred  t 
Bf  whom  f    (424.)  Krpklii  (he  optmtlon  of  eloctrotrpiug,  In  d«liilL 


ft. 


1 


*i(i 


POPVUiR    PBTSICS. 


I 


copied,  and  pressed  with  the  fingers  till  it  touchc? ' 
point  of  the  sar&oe  of  the  object,  when  it  h  left  t 
l>y  cooling.    After  hardening,  it  is  removed  and  is  vm)  ^'^^ 
use*     As  gutta  percha  is  apt  to  adhere  to  certain  \«^ 
precaution  should  be  taken  to  cover  them  with  a  thin  \iyfl 

of  powdered  plnmbaj 
gi^aphite.      This 
laid  on  with  a  BoH  bm^ 
and  if  properly  appW^il  ^ 
effectually  prevents  the  2A- 
hesion  of  the  mould. 

The  second  step  is  lo"^ 
deposit  the   metal  in  the 
mould.     As  gutta  percba 


Fig.  «8», 


is  a  non-conductor  of  electricity^  it  is  necessary  to  cov 
with  a  conducting  substance.     This  is  done  by  laying 
coating  of  plumbago  in  the  same  manner  as  in  forming 
mould.    The  mould  thus  prepared  is  then  made  ready  for 
the  bath  by  attaching  to  it  the  proper  suspending  win 
shown  in  Fig.  289. 

Fii^.  290  represents  one  face  of  a  medal  to  be  co 
ami  Fig.  289  represents  the  gutta  peicha  oiouUl  prepared 
for  receiving  the  metallic  deposit.     For  making  the  deposit, 
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^birhicli  we  shall  suppose  to  be  of  copper,  a  I>ANiBL'ft  battgr 

^^^£two  or  three  couples  is  tistiaMy  employed. 

A  conplc?  of  Daniel's  battery  clilf«is  from  one  of  P*ii?ir»;!^*!I  in 

following  particulars.     Thn  carbon  cylnuicriM  rcphu'<'cl   by  ono^ 

Sine,  denoted  by  Z^  in  Fig*  2511 ,  and  the  xinc  cylimlff  i»»  rrplacpd  by 

lone  of  copper,  denoted  by  T,  in  the  namo  flcMr©,     The  tmu^r  VfMipinl 

1*8  of  glassj  and  is  filled  with  a  itolution  of  nylphnto  of  copper  (blim 

|:*viino]),  which  i^  kept  gat u rated  by  some  cryBlAls  of  tbo  lutphuio 


placed  al  the  boUom  of  the  vcskgL  The  porous  vcfscI  i«  filled  with 
dilute  aulphorio  acid.  When  this  battery  is  in  action,  water  ts 
decomposed:  the  oxygen  goes  to  the  zinc,  forming  oxydo  of  line, 
which  is  diswlvcd  by  the  sulphtiric  acid,  giving  pulphalc  of  sine. 
The  hydrocen  of  tbo  water  goes  to  the  f^ulphatc  of  copper  in  P^  and 
decotnpOFies  it.  The  rc^tilt  of  these  dccomprsirionn  and  rccoriipfiBi* 
lioiks  is  to  keep  up  a  cnrrent  of  electricity,  as  j^bown  by  the  arrows 
which  will  continue  as  l^inp  as  the  vcfscL  F,  in  kept  full  of  the 
sainroted  ?olutioi>  of  Fulphato  of  zinc. 

Fig.  291  gbows  the  method  of  depositing  the  metal  npon 

Whftt  kind  of  H  bdtt^ry  ts  used  for  dcposltlpg  onpperf    JSixplatn  on*  tf  D*Jt^£^ 


4 


JICT^^^J 


of  copper ;  A  and  B  Are  i 

tho  two  poles  of  the  Ijatierj ;  tbe 

the  rod,  B^  and  facing  it  is  a  plate  of  pore  ooppci  t 

frpm  tho  rod,  A  ;  thes^  ooMlitiite  the  electrodes,  ilie  i 

being  the  negative  ooe^ 

"fho  tnirreiit  which  is  set  ap  throagli  the  solnlioii  of  «ip*l 
[tc  r  lii'tweeri  the  electrodes,  decomposes  tlie  sidplttle  inttfl 
Hiilphurif!  iidfi^  ox^r^en,  and  pare  copper.     The  snlpliitriei 
acid  and  oxygen  go  to  the  Qopper  plate,  mnd  mdtiiig  with  it,  | 
produc!<j  Bul[>hate  of  copper;  the  piire  copj>er  goes  to  the 
negative  eUrtrode,  that  i»^  to  the  mould,  and  is  there  depos- 
ited*   After  about  two  da3*s  the  coating  of  copper  becomes 
thick  enouu'h  to  be  removed  from  the  mouI*U  and  it  tbca 
prtm'iits  a  fac-siriiile  of  llie  object  to  be  co|>ied.     In  copying  1 
mcdalai,  each  face  is  copied  Hcparately,  and  the  two  are  unite4| 
by  mcuin^t  r>f  some  fusible  metal  placed  between  them 


lUectro-glldit:^  and  Electro-platiiig. 

m«(,     Tho  proces.^  of  covering  bodies  with  thin  coatiiig;i{ 

of  g»ld  or  silver  is  aoalogcvug  to  that  of  electrotyping.  Ths 
pertVetion  of  the  process  consists  in  making  tbe  coating  of 
gold  or  silver,  not  only  of  uniform  thickeessj  but  also  closely 
adherent, 

Tfie  object  to  be  gilded  or  ailvcrcd  is  first  heated  upon 
a  clTarcoal  fire  to  remove  all  fatty  matter ;  it  is  next  plunged 
into  dilute  sulphuric  acid,  and  then  rubbed  with  a  hard 
brutih  to  reniovc  any  oxyde  tbat  may  exist  upon  the  surface; 
it  is  next  plnnged  into  common  nitric  acid,  and  then  into 
nitri*^  arid  into  wliirh  a  small  qnantity  of  salt  and  soot  has 
lieni  thrown  ;  it  is  then  washed  in  pure  water  and  carLdully 

■  dried  in  sawdnst,  and  is  ready  for  use. 

B       IxpUlQ  ili«  cbemtral  chjiti^r»  ^hkH  take  fihee.    f  42S  >  Wli«t  [»  the  pTDoaaa  «f 

■  •lOctrD-slWwIng  rand  <?k'ctro.giltllng?    How  ii  Ibo  ubj»-ci  clefui«df 
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he  method  of  silvering,  or  electro-pkiting,  is  shown  in 

,  292.     The  object  to  he  silvered  is  suspended  in  a  bath 

[a  silver  solution  by  a  metallic  rod  which  connects  with  the 

tive  pole  of  a  Bunsen's  battery.     Immediatt4y  below  it 

,  plate  of  pure  silver,  which  is  connected  with  the  positive 

^e  of  the  battery.    The  object  to  be  silvered  aud  the  silver 

,  a,  constitute  the  electrodes,  a  being  the  positive  one, 

explanation  of  the  process  is  analogous  to  that  in  the 

eceding  article. 


y-  -^  ^    ^ 


Fig,  292. 


Tlie  flttlt  of  silver  generally  employed  is  a  double  cyanuret  of  ail- 
ver  and  potaRaium.  The  iliieknegs  of  the  coating  depositod  will 
depend  upon  the  power  of  the  battery  and  upon  the  time  of  immer- 
sion. 

Tlie  process  of  gilding  is  the  same  as  that  of  silvering, 
except  that  we  use  a  cyanuret  of  gokl  and  potassium^  and  a 
plate  of  gold  at  a,  instead  of  a  silver  one. 


BxptAtn  tlie  prOGMS  nf  ■llrering  m  shown  in  Tl^  2Mi    Whni  »aU  of94hf$r  it  <ni- 
ployed  f    Whftt  li  tbe  prooeei  of  gliding  7    WhnC  nsAi  i*r  gvitd  la  iiavd  t 


4.V)  porruut  phtugbl 

Th^  hiJitory  of  eleetro-platinf  ftud  efeetre-^Idin^  is  bneftr  u  fol- 
lowK  In  1903,  Bm:«9Iatclu  flnt  idlded  a  nlTcr  medal  by  lo^eod- 
ins(  It  in  a  tolation  of  §M  from  tlw  lefatiTe  pole  of  a  battery,  bot 
Ifficf^led  DO  faitber.  In  1840,  Db  La  Ritk.  of  Geneva,  difleoroed 
a  proceM  €4  giUliim:  metals  with  a  battety,  hut  by  hia  proeoi  modi 
ffotd  wu  waited,  and  the  work  waa  oaaatisfactorj.  In  ^  am 
year,  Klkiii«toii,  ao  Rnf liahman.  di«eorered  the  proeai  of  gildio; 
by  meana  €4  the  eyaimret  of  gold  and  potaaarom.  A  fiew  moBtia 
later,  Roolz  imeceeded  in  tilTering  and  platinirhig  nettk  by  the 
m«^thodii  now  in  general  use.  The  arti  of  eleetio-platiag,  eketro- 
gildinsr,  and  electrotyptng  are  now  €4  genermi  applieatioii,  tad  tibrd 
occupation  to  thotuaiidji  of  artisans. 

0i94  «m  9%Mm4  tfVU  kiitorf  tifd^etm  pimMm^  m 


I 
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Relation  between  Magnetism  and  Electricity. 

4^6.     It  was  obsen^ed  at  an  early  period  that  the  mag- 

»ietic  and  electrical  fluids  had  many  analonrciiis  properties. 

Bn  each  oase  fluids  of  the  same  name  repel,  whilst  those  of 

■an  opposite  naoie  attract.      It  was  also   observed  that  a 

stroke  of  lightning  often  reversed  the  poles  of  a  magnctio 

needle,  and  sometimes  completely  destroyed  its  magnetism. 

J?he  two  have  also  points  of  dissimilarity.     Magnetic  fluids 

kre  not  transmitted  like  electrical  fluids  through  conductors. 

A  magnet  does  not,  like  an  electrified  body,  return  to  a 

neutral  state  when  brought  into  communication  with  the 

earth.     Magnetism  can  only  be  developed  in  a  few,  whereas 

electncity  may  be  developed  in  all  bodies. 

Between  these  analogies  and  dissimilarities  nothing  posi- 

pive  could  be  affirmed  with  respect  to  the  identity  of  mag< 

netigm  and  electricity,  until,  in   1819,  Ersted  made  a  dis« 

CO  very  whicli  showed  that  these  physical  agents  are  most 

Qtimately  allied,  if  not  identical. 


I 
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1  (426.)  What  early  observntious  wpta  made  on  the  Tfllation  of  tho  pbenomon*  ©f 
Wlrlclty  and  ciAgnettsm  T    Wbat  dlBalmilaHUet  wor«  noticed  ! 


TOirauui  pHTsiaL 


oC  aa  SlaoUical    Oaa^uL 


,€*t*  CsmcD  diftoovered  the  fact  that  an  deotiicilcV' 
dl  \\m  a  dtrcdJir©  power  over  the  magnetic  needle,  teri- 
iog  alwajTB  to  iiitm^  it  at  riglit  angles  to  ita  own  direetioo, 
Tiiia  oetioo  may  be  shown  hy  the  apparatus  reprcMfl^ 
in  Fig,  2»3.  If  a  wire  be  placed  parallel  to  and  pretty  near 
a  magnetic  needle,  and  then  a  current  of  electri(3tT  w 
pai»4K^d  through  it,  the  needle  will  turn  around^  and  v&&  & 


y 


iy 


Fit,',  'im. 


[ 


few  oscillations  will  eome  to  rest  in  a  position  sensibly  at 
rip; lit  angles  to  the  current.  Thnt  it  does  not  take  a  posi- 
tion absolutely  pci-pendiciikr  to  that  of  the  current,  is  be- 
cause of  the  diret!tivo  force  of  the  earth,  which  partially 
counteracts  tliat  of  the  current  i 

Tiio  directioTi  towards  wlucli  the  austral  pole,  that  is,  the  nortS 
<stiti  of  the  needle,  will  turn,  <lepends  upon  the  direction  of  the  car- 


(4lT.)  Wbftt  dlwoTerf  wu  tnide  by  Erstitd?    Kirplaia  the  utttoo  of 
*»1ottl  current  on  thft  n«edl«.     WhicA  way  di^  «*e  ncrH  end  tum  ¥ 
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^^nt.     If  that  flows  from  i^otitb  io  north,  und  above  the  needle,  tho 
*^ decile  deviates  towards  the  west  ;   if  it  flows  towards  the  twiuth,  and 
■^-iHkve  Ihe  needlcj  the  latter  deviates  towards  the  eaat.     When  the 
Current  flows  below  the  needle,  the  phenomena  are  roveraed. 

Amper»^8  Law. 

49§*    Ampere,  to  wlnDm  the  dmcovery  of  the  greater 

Portion  of  electro-magnetic  phenomena  is  due,  gave  a  siioplo 
Expression  to  the  law  which  governs  the  action  of  a  current 
^pon  a  magnet.  He  8yppose»  an  observer  lying  down  nfHjn 
'^^Kc  wire  along  which  the  current  flow^'?,  the  current  entej'ing 
^t  the  heati  and  gohig  out  at  the  feet.  Theu^  if  he  turn  hia 
^ce  towards  the  needle,  tlie  austral  pole  will  in  all  cases  he 
deviated  towards  his  riglit  hand. 


Action   of  Magnots   upon   OuxreatSf   and  of  Ourrsnta   npon 
Currents. 

429*    Ampere  established  the  following  prfcdples  ; 
1.  Magnets  exercise  a  directive  force  upon  currents. 

To  illustrate  this,  we  bend  a  copper  wire  into  a  circular  form, 
and  then  dip  its  extremities,  which  should  bo  pointed  with  steel, 
into  cups  of  mercury^  one  above  the  othcfj  as  shown  in  Fig.  29 4 » 
These  cupa  eommunicate  with  the  two  poles  of  a  buttcryj  by  means 
of  which  a  current  may  be  generated,  flowin;?  as  indicated  by  Ihe 
arrows.  Now  if  a  bar  magnet  bo  brought  near  this  current^  the 
aitiB  being  in  the  plane  of  the  current,  we  shall  see  the  hoop  turn 
aboat  the  steel  points  in  the  cups,  and  come  to  rest,  wilh  its  piano 
perpendicular  to  the  axis  of  the  magnet.  This  eiperimentj  which  in 
due  to  Ampere^  is  the  reverse  of  that  made  by  Erstkd. 


1 
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2.  The  earth,  which  acts  lilce  a  huge  magnet  npon  a  inag- 
netic  needle,  acts  in  the  same  manner  upon  movable  cur- 


(4t80  Explain  Ampc he**  1a»,    (42».>  Wlimt  la  An Pia»^  flrrt  pTinclnW ?    ffovt 
CtuMiraUd  7    Hia  »econ  1  pri  nt  1  p!e  ? 
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rents ;  that  is,  it  directs  them  so  that  they  are  perpendicukr 
to  the  nmgnetic  meridian^ 

This  may  b«  j^hown  by  the  apparatus  of  Fig.  294.     If  tbo  w 
niiJiiication  with  the  battery  bo  cut  off^  and  the  hoop  be  turned  till 
lU  plane  coincides  with  the  magnetic  meridian,  it  will  retnain  in  lh&^ 


<s 


N 


position.  If  now  a  current  be  pa&sed  through  it,  we  see 
slowly  around  the  pivotSj  so  as  to  take  a  position  at  right  angles  to 
the  meridian.  It  will  turn  in  such  a  direction  that  the  current  in 
the  lower  part  of  the  hoop  will  flow  from  east  to  west, 

3.  Two  parallel  currents  attract  each  other  when  thejr 
flow  in  the  same  direction,  and  repel  each  other  when  tbey 
flow  in  opposite  directions. 

4.  If  a  wire  be  coiled 
into  a  double  helix»  as  re- 
presented in  Fig,  295,  and 
then  be  suspended  bj  its 
steel  points  in  the  cups  of 
mercury  {Fig.  294)  it  will, 
when   a  current  is  passed 


Fig;9»& 


MwrnaythUlethtntiif    'HXe  tWiA  ^t«A\?^0   1W»fi«kTtti  ^jrtndptoi 
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^B^'^Ugb  it,  arrange  itself  in  the  meridum  like  a  magnetic 
^J^dle.  When  the  current  takes  the  direction  of  the 
^^**Ow8,  the  end^  a,  becomes  an  austral  pole,  and  is  directed 
^^ardi  the  north.  ,  , 

^hen  thus  suspended,  the  heltx  has  all  the  properile&  of  a  magnet  ^B 

^^  b  subject  to  the  Bame  laW8  of  attraction  and  repulsion.    A  helts  ^i 

^iie  kind  described  is  called  a  soietiouL 

Ampere^  Theory  of  Magnetljun. 

480*    From  the  facts  explained  m  the  last  article,  Am- 
dedaced  a  theory  of  magnetism.     He  supposes  mag*  I 
^^iam  to  be  due  to  currents  of  electricity  flowing  around  j 
^lle  ultimate  molecules  of  a  nmgnet,  always  in  the  same' 
[Erection.     The  currents  in  the  interior  of  the  magnet  ueu- 
tl*alize  each  other,  and   consequently  the  total  effuct  of  all  ^J 
the  currents  in  a  magnet,  is  the  same  as  that  of  a  set  of  ^^ 
Sur&ce  currents  flawing  around  the  magnet,  in  such  a  direc- 
tion, that  if  we  place  the  eye  at  the  south  end  of  a  magnet, 
and  look  in  the  direction  of  the  axii,  the  current  will  flow 
around  in  the  same  direction,  as  the  hands  of  a  watch,  ^H 


He  supposes  the  directive  force  of  the  earth  to  be  due  to 
currents  of  electricity  flowing  around  it^  parallel  to  the 
magnetic  equator,  from  east  to  west.  These  cuirents  arc 
produced  by  variations  of  temperature,  which  arise  from  the 
earth's  revolution  continually  presenting  a  new  portion  to 
the  direct  action  of  the  sun's  rays. 

If  we  conceive  all  the  currents  of  the  magnetic  needle  to  be 
replaced  by  a  single  resultant  about  its  ©quatorj  and  all  of  the  ter- 
restrial currents  to  be  repl fired  by  a  single  equatorial  current,  tlien 
that  portion  of  the  latter  current  which  lies  nearest  the  magnet,  will 
attract  the  lower  part  of  the  current  on  the  magnet,  and  repel  that 
on  the  u^per  part,  thu9  compelling  the  magnet  to  place  itself  in  the 
meridian. 


What  U  a  MtUwftd  7  (  43O0  Wlut  le  AMPnr^  ihia^  q*  m^^aeUmnf  To  wbai 
did  he  ftttribnto  Uia  directive  power  of  tbo  Mrth?  Mapiain  £%«  action  qf  14*  le/^ 
r^Hriat  emrrmU  upon  Iks  magfuiio  nwdle. 
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AnFtss  ffoppoeet  that  naturml  magneU  owe  their  pcopertinl 
tlie  bDfi-coatinudd  ftetion  of  eleetiic^I  currents.    We  nuy  mT'^ ' 
IDijpKltc  bodies  lo  be  made  tip  of  aloais,  ban  tig  electriol  camoJi  ' 
ilowiiig  around  Ihem  ;  that  is,  of  liltle  niagneu.    These,  ^he:iilin 
are  arraoj^d  betarogeoeoatly,  will  «i:btbit  no  m&gtietic  propt 
When  IhAf  aro  bf  anf  aotion  brougbt  into  positions  in  which  ti 
•imilar  poles  are  airaiused  m  tlio  same  direclioo,  the^ 
magnets. 

OalTaaomater.  —  Oahrmnic  MuMpIier. 

4S1*  A  GALVANOHETfiK  is  ED  Sustniment  for  measoii^g 
the  force  of  au  electrical 
current.  In  tta  simplest 
form,  tt  consists  of  a  mag- 
netic needle,  ab^  Fig.  2d6, 
with  a  conducting  wire 
passed  around  it  in  the 
direction  of  its  length. 


5) 
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When  a  carretit  of  elcetri- 
etty    is   passed     tlirougli    the 

wire,  its  presence  will  bo  indicated  by  a  motioa  of  Ibe  needle,  it» 
force  by  tUe  amount  of  deviation  of  the  needle,  and  the  direction  of 
Ibe  current  will  bo  indicated  by  tbe  direction  towards  which  tli« 
north  end  of  the  needle  deviates. 

The  GwVLVAmc  Multiplier  is  a  galvanometer  of  great 
sensitiveness,  Imt  constructed  on  the  same  principles  as  the 
one  already  described,  h 

It  is  represented  in  Fig.  297.     It  consista  oi  a  coppti^| 
stand,  My   supporting   a  glass   cylinder,  as  shown  in  tbft 
figure.     Under  the  cylinder  is  a  graduated  circle,  beneath 
which  is  a  wooden  frame  wound  ivith  a  great  number  of 
Coils  of  copper  wire*    The  mre  is  insulated  by  being  covered 

So*t)  doe*  AuftJLt  iSBptain  iftt  /ormaHon  of  natural  ftuiffnetji  t  (431.)  Wbil 
•*  •  Oairmomcterf  Dt?8crlb«  It  Jt»  attion.  What  Is  a  Oairnolc  Multiplier! 
^''•crlb^s  It  In  detail. 


J 


KAL    PKINC 


'  SLECTROMAGNLnSlL 


The  two  ends  of  the  coil  communicate  with  the 
JBW8,  fn  and  «,  by  means  of  which  they  may  be 
Inmimicate  with  the  poles  of  a  magnetic  conjik% 
frame  supports  a  hook,  ftom  whicli  is  KuspenikMl 
Bilkeu  cord,  *.  This  oord  supports  two  fine  mag- 
s,  the  ooe,  ab^  above  the  graduated  ckcle,  and 


-B,  within  the  coil,  only  a  pai*t  of  which  is  visible 
Pe.  The  two  needles  are  so  united  that  one  can 
ithont  the  other,  and  their  poles  being  placed  in 
irections,  the  action  of  the  earth  upon  them  ia 
'neutralized.    Hence  they  are  fi*ee  to  obey  tbe 

ITHei   of  thd  Galvanic  Mtiltiplier* 

rhe  Multiplier  is  used  to  indicate  the  feeblest  cwr- 
jctricity.    By  means  of  it,  Beoquerkl  established 


(433.)  Wbat  \A  tho  tifA  of  th«  HulUpKba 
2U 


I*OI*ULAK 


IIm  tM  ikait  n  ctirrent  U  devdopod  in  ererf « 
\n  tUi»  liitbibitioii  of  Uqttiilis  and  in  many  oilier ; 
Hy  iMting  ti  gmlvi»nottiotiir  wtlb  man j  thomamdm  «f  i 
wills  tt^^  exUtetioo  af  dvctriciU  curreiits 
vt'i^'tAblcfl  nmy  bo  deuioiiitmtod* 

T0  »how  ilie  ourrrnU  dcY«lo|i(vl  by  ohomicaJ  aelioB,  m^  ^* 
|4«i,  th«^  aHioh  of  m^idii  u^n  tnotals,  two  fijie  plaiimim  vim M] 
ifilllMlillO»4  iltlu  ik^  binder*,  m  aitd  ti,  Otio  etid  of  one  of  th(e«iia«| 
IIUMi  4ipf«d  iulo  ft  glon  of  dilute  sulphuric  acid,  and  tiie  olkf  «1 
kiol4  m  ooBlaol  with  a  plui«  of  luic  whieh  is  also  dipped  iiiu>  tlij 
tliluU"^  aiHd  Tb«  Iwo  needto  wliieh  wcro  before  parallel  tooii 
Vkikitti  w^?  viippoM)  to  hav«  toon  placed  in  the  magnotie  iiiefiii*^? 
tlMwdiaiiOy  turn  riHiiid  mi  J  t>CLH)imi  perpendicular  to  the  meridt^ 
tlMlloftlhiK  th«  imtaiitatieotis  produotioa  of  a  ourretu.  Tbeearreotui 
ihia  f«»o  ialK«a  Um>  dirtH»Uon  iodioatod  by  the  arrows,  wlienoe  we  coo- 
etiMlo  lliat  %htd  aoid  ib  positivety  and  the  %mc  negatively  electrified. 
Tliia  «orr«ap<Hada  lo  wliat  was  aaid  ou  this  subject  ia  a  precedini 
ftriaola^ 

iimivrtlrtnf  ^  nMttS  of  an  meciilcal  Oiirr«iiiii 

4S3«     If  a  win*  W  wound  around  a  bar  of  iron,  and  a 

^irroiit  iif  ^*UH.ttric^ly  Ih»  (kaaacHl  tha>ugh  tbe  wire,  it  is  at 

umn*  iHHiwrtod  into  11  iiiitgncU     Tbo  method  of  making  the 

rx|wrimunt  U  tdioM  11  in  Fig.  v^08*  J 


Fig.  299 


'J 


If  tho  current  ccme^  tlio  iron  l«ir  at  once  loses  its  inag^ 
iiDtisni,     We  may  in  like  manner  form  a  permanent  magi 
by  using  n  bar  of  steel  instead  of  a  bar  of  iron. 


— -, 


i^m^ittt^    (4SS.>  How  to  la  Irro  htt  ooiiT«rt«d  Into  u  augiiet  bygilTaalMl 
r  OMj  ft  bftT  of  ^mt  be  cM»DT«itfld  uito  m  iiui^ii«t  t 


CkMAGXETIC    T£LfiGHAPB« 


I 
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he  bar  of  steel  may  also  be  rtiagiictize4  by  passing  through  i\ii&  ^ 
^^«»"ire  &  spark  from  a  Leydon  jar.     To  do  this,  ofie  end  of  the  wire 

»^iiado  to  touch  the  external  covering  of  the  jar,  and  tho  other  end  i 
liroaght  into  contact  with  the  button  of  tho  jar.     The  ateel  bar  i 
tiia^Qtized  instantaneously,  thua  showing  the  identity  between  ihi 
electricity  of  the  galvanic  ciirrent  and  that  of  the  Lcyden  jai\ 


IL KLECrBO-MAGHETlO     TKLEOIIAF113.  —  THE 

Tho  Clectro-BSagiiet. 

434*    An  Elbctbo-Magnet  is  a  magnet  obtaine^l  by  the 
Ti»e  of  electricity. 

Electro-magnets  are  generally 
made  of  soft  iron,  bent  in  the 
form  of  a  horse -shoe,  as  shown 
in  Fig,  299.  Upon  each  branch 
is  wound  a  great  number  of 
coUs  of  wire,  insuhited  by  being 
covered  with  silk.  The  wire  is 
coiled  in  different  directions 
upon  the  two  branches,  and  its 
extremities  are  then  connected 
with  the  poles  of  a  battery. 


Fig.  SM. 


In  this  way  magnets  may  be  <»nfitructed  of  immense  power,  eo 
powerful,  in  fact,  as  to  support  tho  weight  of  ten  or  twelve  persons. 
Fig.  300  representB  the  method  of  arranging  the  details  of  a  magnet 
which  ifi  intended  to  exhibit  a  great  sustaitnng  pmrer. 


The  plate  in  contact  with  the  two  poles  is  called  an  arme^ 
ture^ 

When  tho  instrument  is  of  Roft  iri>nj  it  is  magnetized  instantane- 
ously by  tho  passage  of  a  current  of  electricity  through  the  wire,  and 


I 


In  wAai  other  way  may  U  he  done  f 
(484.)  Wliat  is  an  Eloctro-MagDct^ 
ttrmattire7 


What  infttreneeU  drt^wn  from  ihU  factf 
How  aro  Uiej  eoiuitraotikl  ?     Wlmt  it  all 


Fig.  900. 

as  instantaneously  lo^es  its  magnetism  when  the  current  is  stopped,] 
or  broken.  This  property  has  been  utilized  in  the  eleotro-liiagiieUi| 
tele^aph. 

The  Glcotrlcal  Telagmpb. 

^ZS,     An  Electrical  Tklegraph  is  an  apparatus  for 

transmitting  intelligence  to  a  distance  by  means  of  electrl 
ciirrents. 


cs^ 


In  1820,  Ampere  proposed  to  transmit  signals  by  passing  currents 
©ver  magfuelic  needleSj  making  nae  of  as  many  wires  and  needles  as 

~"    ^  -^ — ' — —- — -■ 9- — ■ ■ — - 

^il  U  the  prindjml  use  qftA^  eteetro-md^n^  f    (435.)  Whiit  la  u  £le«tTl«tl 
Teleg^mjih  ?    Cite  an  mUlina  of  the  hUtory  o/magneUc  ttUgrajihM. 


l^LEGnAFll. 

there  are  letters.     In  1837,  Steiitheil,  of  Munichj  actually  coii- 
Etnicicd  such  a  telegraph. 

la  1831 J  Prof,  Henrv,  now  of  the  SinilijBonian  Institulflj  pub- 

'  liahed  the  reauUs  of  his  rei^oarches  oa  the  Buhjcct  of  clectro-mag- 

nctintUj  and  in  Bubaeqoent  years,  exhibited  experiments  iUuetrativo 

of  their  application  to  the  transmission  of  power  lo  a  distajico,  for 

the  purpose  of  producing  telegraphic  effects. 

In  1837,  Prof.  Morse  iiiveoted  a  machine  for  recoriing  Bii^nals 
npon  paper,  and  in  1844,  the  first  working  line  of  telegraph  for  H 
pmctical  purposes  was  built  from  Washington  to  Baltimore.  " 

Many  modifications  of  the  telegraphic  apparatus  have  been  made 
since  its  first  invention.  Three  principal  varieties  are  now  in  use,  all 
of  which  are  based  upon  a  common  principle,  which  is  very  simplo. 

At  the  fetation  from  which  a  telegram  is  dispatched,  is  an  electrical  fl 
battery^  and  at  the  one  where  it  ia  lo  be  received,  is  an  electro- mag-  ■ 
net,     The  two  are  coniieeled  by  a  wire  running  between  the  stations. 
When  the  current  is  traiisniittcd  through  Ihe  wircj  the  iron  becomes 
magnetized  and  attracts  an  armature  of  soft  iron,  which  in  turn 
imparts  motion  to  other  pieces^  by  means  of  which  the  sisals  are  im-  fl 
parted.    When  the  current  ^jeascs,  the  iron  loses  its  magnetism,  and  a  ■ 
Fpring  forces  the  armature  back  to  its  primitive  position »    By  succes- 
aivcly  breaking  and  restoring  the  current,  the  telegram  is  Iransmitled, 

•  In  one  form  of  the  telegraph,  the  electro -magnet  causes  ft 
needle  to  move  over  a  sort  of  dial^  around  which  are  printed 
the  letters  of  the  alphabet.     The  letter  before  which  the  M 


I 


I 
I 


needle  stops,  is  the  one  to  be  transmitted.  Tliis  machine 
requires  as  many  signals  as  there  are  letters  in  the  message. 
This  is  the  dial  tdegrapK 

In  anotlier  form  of  the  telegraph,  there  are  two  electro- 
magnets, wliich  set  in  motion  two  movable  arms  placed  at  H 
the  e.xtrcmitics  of  a  hoiizontal  black  line  on  a  white  dial-  " 
plate.  The  relative  positions  of  the  hands  with  reference  to 
the  fixed  line,  serve  as  conventional  signals,  nearly  in  tho 
same  way  as  was  customary  in  the  old-fashioned  telegraph. 
This  13  the  sig^ial  telegraph. 


ifov  many  kinds  ars  in  common  um  f    Rtptain  their  gtntral  prineiplt,   Wlial 
It  tlw  <U*t  totegnph  f     The  tigwd  telegmt^h  ¥ 


I 


I 
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I        The  dial  telegraph  is  used  in  France  on  the  lines  ot  A 

I  wayK*     Tlie  signal  telegraph  was  used  in  France  for  ordinwy 

I  pur|>osi'9   until   it   was    repluced    by   MoBS£^3  n^giit^anug 

I  apparatlis. 

I  Mone^i  Registering  Telegraph. 

^^mMMm    In  Morsels  telegraph,  the  tele^^ram  is  penmn^tlj 
^^Rgiftered  apoii  paper  by  means  of  a  conventional  alphal)«^ 


p. 

1    ftQ<J 


Fig.  301  represents  the  method  of  dispatching  a  telegram, 
^d  Fig.  302  represents  the  method  of  receiving  it    At 

TVhcro  w^ro  thew  ti«d  J     (436.)  Deacrt\»  tHoiAifft  tt^^UHng  tdegmplL 


BLBCfTRO-MAOlTEnG    TELEGRAPH, 


,  conir 


[*he8e  1 


[  station  the  apparatus  in  idi-ntical,  but  it  is  double  ;  tbat 
II posed  of  two  pieces,  tlie  manipukitor  and  receiver. 
pieces  are  shown  more  in  detail  in  Figs,  303  and  304. 
order  to  explain  the  working  of  this  telegraphy  let  us 
Dminence  with  Fig.  301, 

Under  the  table  is  shown  the  battery  which  furnishes  the 
jlectrical  current.  Tiie  current  Ls  conducted  by  the  wire,  P^ 
Qto  the  manipulator,  which  will   be  described  bereafler. 


¥\g.  mi. 


t mm  thence  it  goes  into  a  galvanometer,  g^  which  indicates 
i)y  a  needle  the  passage  of  the  current;    it  next  passes 

Explain  the  m«|]u>d  of  worlisg  UiU  te1«gnp]i. 


I 
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ruPtJLAJl    PSTStCS^ 


through  a  piece,  M^  Uiat  senres  as  a  oaiegiardf  md  6aa , 
thence  reaches  the  wire,  L^  whidi  poasea  lo  the  ftatiao 
where  the  message  is  to  be  delivered.  We  see  the  9tm 
wire  entering  at  the  tap  of  Fig.  302^  whence  the  camot 
panes  throagh  a  safegiiard,  M^  then  into  the  galTsnomet^ 
from  wftich  it  goes  to  the  electro-magnet  of  the  recdm. 
After  passing  through  the  electro-niagnet,  it  passes  tlirwigli 
the  wir©!  1\  and  is  lost  iu  the  earth. 


MorWi  Manipulator  ftod  ReoelTCt; 

i|37*  Morse's  M\xiplxator  is  shown  in  Fig.  303*  It 
eoii.Hi»t9  of  a  wooden  stand,  npon  which  Is  a  nieiallic  lewr^ 
kh^  turning  about  ii  horizontnl  axis.  One  end  of  this  k"^^^ 
is  r£ii)§ed  up  by  a  spring,  r,  and  the  other  is  traversed  ^  * 


Fig,  m\ 

stem,  n,  which  rcst^  ujwii  a  copper  bntton,  and  this  in  t« 
i'umiimnicsitL'a  tfu-ougfi  the  stand  with  tlie  wire,  A,   Fig.  303i 
rt*presonts  tlit^  inaniptilator  at  the  instatit  when  it  receives  I 
<lifi|)alGh.     The  current  arrives  by  the  wire,  Ly  wliich  is  til 
wire  of  the  line,  n^e^  into  the  lever,  khy  and  descends 
tfie  wire,  Ay  to  the  receiver. 

When  it  is  desired  to  transmit  a  signal,  it  Ijeconiq 
necessary  for  the  current  from  the  battery,  P,  to  enter  tl| 
tiirniipulaton  Tlili?  is  not  effected  when  the  latter  is 
nost^d  as  m  Fig.  303,  for  the  lever,  Uhy  does  not  touch  tH 
button  in  whicli  the  wire,  P,  terminates.     By  pressing  the 


(437.)  noAvdbo  tiie  Matilpulflii^r  in  dcUtl    It«  iii& 


J 
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J  "button,  J5,  the  lever,  M,  is  lowered ;  a  contact  is  established, ; 
the  current  passes  iminediately  into  the  wire,  X,  which  leada 
to  the  other  8tatioiu 

The  rtjiciEivEu,  Fig.  304,  is  composed  of  an  electro-mag^ 
net,  JS^  which,  whenever  a  carreut  i«  transmitted,  acts  by 
attraction  upon  an  armature  of  soft  iran,  w,  fixed  at  the 
extremity  of  a  lever,  fun^  and  movuhlc  about  an  nxh.  At  j 
its  extremity,  *?,  the  levei*  carries  a  point,  a:,  whicfi  may  be  fl 
made  to  press  against  a  movable  fillet  of  paper,  ab*  When  ^^ 
the  current  does  not  pass  through  the  ek^ctro-magnct,  the  n 
point,  Xy  does  not  pre«s  ugahist  the  fillet ;  but  as  soon  as  the  ^M 
current  p?ii^ses,  tlie  point  is  pressed  against  the  paper,  and  ™ 
traces  upon  it  either  a  puitit,  or  a  line  more  or  less  elongated, 


according  to  the  length  of  time  during  which  the  current  ia 
uninterrupted. 

Tlte  fillet  of  paper  k  kept  in  motion  uniformly  by  means 
Lof  a  train  of  clock-work,  K,  Avhich  turns  the  cylinder,  Z 
(l^g.  301).  Tlie  fillt't  of  paper  moving  uniformly  in  t!ie 
direction  from  a  to  6,  the  operator  at  the  other  station,  by 
pressing  the  button  of  the  manipulator,  and  maintaining  the 

•pressure  for  greater  or  lesser  periods  of  time,  causes  a  suc- 
cestnon  of  points  and  marks  to  be  made  upon  the  fillet  at 

Describe  tho  ReeelTer  In  detail    fu  nse.    How  l«  tbe  flUct  ttf  paper  Ittpt  In  moUoo  f 
How  aro  Cli«  fatten  recorded  t 
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iIhi  Ittiimi  oT  Uie  ; 
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It  mily  remftitirt  tn  nxplahi  the  FnrrrErToit,  M.  Experiew* 
liem  fthuwti  lUnt  tin*  win^n  niaj,  from  atinn^ftWrie  iIliloe1lc<'^ 
A4HMinitt1ato  micMi  thi?tiiBt4vw  Kiifficlent  qimuttties  of  eW 
iridiy  lo  {tww  truubloiomu  to  the  optnitore  of  tlie  ttlfr 
irraph.  The  |iiciH%  Jf,  in  destined  lo  jircvent  any  injuriooi 
iM'tian  nf^thiA  kiiitU  It  is  euiupfised  of  two  toothed  pic 
iif  ttit*tnl,  iHfi|K>fiod  po  tUrit  lh«'  tct'th  are  nearly  in  com 
Tlw  €nrn«nt  ikasses  into  one  t»f  lh«  ne  i»ieo€8^  whilst  the 
is  in  eoninitinir.aiion  with  tho  ciiith*  I^  from  any 
pheric  eh  at  1^1.%  <?li>clricity  accumulates  upon  the  wii 
mppfirtttuiv  it  \h  frivcn  off  by  the  points  to  the  piect:  which 
is  til  ooniinutiieatluii  with  the  earth,  and  slioi^ks  are  tl 
fivoifU^d* 

til  wKni  hull  l>coii  gnul,  oiity  n  single  wire,  L^  has  been  apoken  of 
tin  ntfiiiinjf  from  iitatioit  to  Mation.     Tt  would  seem  to  be  neccssj 
in  imlur  lo  oomplcto  ilio  circuity  tlinl  a  second  wire  should  he 
p^oj'ed  ;  muqIi  howov«r  in  not  the  CftRO.     Tim  oniployment  of  a  jsc 
wiro  in  avoirlcfl  liy  cniui<M^li(ji(  tlut  two  ends  of  the  single  wire 
tiic  riinh.     r\w  punu  1\   Figa,  301   and  302,  .are   for  this  purposs 

^«t)liiiii  I  hit  FhitocUif*    Ua  oio.    Whf  Ii  U  ptmUth  Ut  cmroi*  a  Utkm  of\ 


D  Ot 


ELECl'RO-MOTOU* 


prolonged  from  the  inslrumeuts  till  brought  into  free  eomraunication 
^ith  theearih.  The  fluid  then  eontinueti  to  oirculute  jtisi  as  though 
a  return  wire  had  been  n&ed. 


Velocity  of  Blectricity.— Bubmarme  Gables. 
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i3N.     It  haa  been  fouuJ  by  exporinieiit  that  tht3  vet 
of  electricity  is  such  as  to  carry  a  current  around  the 
in  about  a  quarter  of  a  second.     For  tshort  distances,  tben, 
we  may  regard  the  transmisaion  as  iiistautaiieous. 


Since  the  invention  of  the  telegraph,  a  complete  net- work  of  Hnet 
has  been  establisbcd  over  both  coiiiinents.  Not  only  have  thousaudii 
ofmflei  of  wires  been  stretched  on  land^  but  submarine  wirta  have 
been  laid^  connecting  places  scparaled  by  hundreds  of  miles  of  water. 
Telegraphic  wires  eonneet  Etigland  and  Ireland.  Eo inland  and  France, 
France  and  Algiers,  and  bo  on.  Finally,  an  attempt  haa  been  made 
to  connect  the  two  contincnis,  ami  ai though  it  has  thufi  far  failed  to 
be  succcwifiilj  there  is  good  reason  to  anticipate  a  complele  Bucocsa 
at  no  distant  day.  Signals  and  mes^sages  have  been  tratismitled 
from  Ireland  to  Newfoundland,  and  the  pof^sibility  of  the  connection 
has  thus  been  fully  dem(^«tratcd. 


I 


I 


>een  tully  acn^fm* 
0  Bleoti 


Slaotro-MagnoUQ  Motor, 

439*  Many  attempts  have  been  eiiide,  and  with  partial 
success,  to  employ  eleetro- magnetism  as  a  motor  for  the 
propulsion  of  machinery.  J.uxusi,  of  St.  Peternburg,  con* 
strueted  an  engine  of  this  kind  in  18:18,  which  was  Citpuble 
of  propeUing  a  boat  containing  twelve  persons.  Many  otijer  _ 
QUichines  have  since  been  constructed,  but  in  all  cjises  the  ■ 
expense  of  moving  ihcni  has  been  so  grent  as  to  preclude 
tbcir  economical  use» 


Fisf-  305  represents  an  clectro^magnctic  machine^  eonstrtieted  nc- 
eordiug  to  the  desiifn  of  M,  Fhomknt.     It  is  composed  of  four  electro* 


(43S  )  Whnt  h  Iho  voloclty  of  an  eleetrkaJ  currutitf    Oi^o  im  aecovnt  of  notits 
oftfie  tubmarifnn  Hn^  qftelegtHiph,    (  43fl )  llofl  eleatrlcity  been  iu«d  ma  «  inuturf 


I 


J 
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gnctii,  acting  in  pairs  upon  two  pieces  of  soft  iron,  P^  only  one 
w>i  which  JB  seen  in  the  figure.  Tliese  pieces,  attracted  by  the  eleetro- 
tnagticifi.  EF,  transmit  the  motion  by  meaus  of  a  working-bcatn^  to 
m  crank,  ^i^  fixed  at  the  extremity  of  a  horizontal  arbor.  The  hitler 
bears  an  iron  fly- wheel,  whieh  regulates  the  motion.  Firmlly,  the 
same  arbor  supports  a  piece  of  rnetal^  n,  o(  a  greater  dianicter,  Ibe 
u»e  oi  which  will  be  explained  presently. 

The  current  Irom  the  battery,  P,  entering  A^  passea  into  a  plat- 
(brm  of  cast-iron,  B.  then,  through  diJTerent  metallic  pieces^  it 
reaches  the  arbor  and  the  |iicce  n.  From  thence  the  current  floin*8 
aUernately  to  the  ejeclro-ma^uels,  £F  and  ef,  The  manner  in 
which  this  alternate   flow  is   effected,  is  bIiowo  in  Fit'.  306,  which 

6*enls  a  section  of  (he  piece,  n^  and  its  aecef^iiories.  Upon  the 
,  n,  is  a  projection,  f,  called  a  cam,  which  in  the  course  of  one 
ation  toudies  successively  two  pallets,  a  and  b;  thctc  trans^mit 
to  the  electro- magnets  the  curi'ent,  whof;c  course  is  indicaled  by  the 
nnfcathered  arrows.  The  feathered  arrows  in  the  figure  show  Iho 
direction  in  which  the  parU  of  the  machine  move. 

The  current  passing  alternately  into  the  two  pallets,  a  and  b.  and 
thence  into  the  systems  of  electro- inagi^ets,  EF  and  c/,  the  piece,  P, 
is  first  attracted,  and  then  a  similar  piece  at  the  other  extretnity  of 
the  arbor  of  the  fly-wheel  is  attracted,  and  fo  on.  The  result  is  a 
continuous  rotary  motion,  which  is  transmitted  by  a  driving-band 
to  a  train  of  wheels,  and  so  on  to  the  pumpe,  which  it  is  destined  to 


III.    —INDUCTION,  — APPLICATION      TO      MEDICIKB. 

iDiductlofn  by  Ourrents. 

440.     We  have  seen  that  the  electricity  of  the  machine 
acts  upon   bodies   by  induction.      The   electricity  of  the 
battery  acts  in  a  Biniilar  mannef,  but  only  when  the  our- 
Hipts  begin  to  flow  and  when  they  cease. 

To  show  this,  take  two  copper  wires,  covered  with  silk,  and  wind 
them  side  by  side  upon  a  bobbin.     Then  fasten  the  two  ends  of  the 


i  440  )  I>«cA  ^nlvanlo  dectricity  act  by  ladoctlonT    Sov  If 


m 


I 
I 

I 


rorrLAm 

Hoi  oMHiaei  «a«  «od  of  lbs  ■ecowt  wire  wiUi  ooe  pol«  ol  a 
^wmmm  hstiarf.    If  tlw  «4liar  «ad  of  tlie  fleooml  wins  be  I 

Willi  Uifi  Moand  f«*e  of  tke  l»tl4»fT,  aI  tii«  inttMt  < 

^  tke  Biiitlff  of  tlic  ealvma0iiH4er  will  iiidieiio  tlie  pi^u 
«f  a  ennmA  m  tlM  ir«t  wire,  fhfwkm^  im  an  opposilo  dijvciioa  i»  t 
•f  Ckt  taliir^.     U  tiM  ooolMi  k  kept  up,  ike  flow  of  Uie  UMSood 
t,  M  M  itev*  Irj  Hie  needle  of  the  galTauom^ter  i9> 

;  to  ho  I— iliiw  lif  rrrr  If  the  eiarrMii  of  tlie  btUtiory  vihnkm, 
Um  Mndle  of  ftk»  fAhrmiioinrter  ia  «sm»  derrt«l«d,  tiat  in  s  aNUriry 
difwUoBy  jaiietfuis  ui  toiiieed  ennMift  iimiiig  in  Ibo  Mune  dirretioo 
m  Ikai  of  llie  Wllerj. 


Tbe  Imterj  camot  it  ciBed  the  indaeimff  oairenl;  ll>« 
otber  coirent  k  eiBed  tbe  indiioed  one.  Tiiete  €am*nUi 
coirfbrm  to  tbe  jbflowing  lairs: 

1.  Ai  tbe  liinlaiit  wboi  tbe  intlttciiig  dnreni  beguw  ^^ 
iloir,  jm  tDdaoed  ourBDi  ii  der^ped  ■owing  In  a  eontiiu'f  ■ 
ilirectioo* 

2,  Tbe  iodiuai^  eaireiit  cootiniikag  to  flow,  tbe  utduoed 


8.  At  the  instant  when  the  indadntg  cwrent  eeaeei  t^j 
flow,  an  bdaced  current  is  developed  flowing  in  tbe  i 
direciioiu 

Propertieo  of  Indoood  Oormitii 

441*     Ex[H'nmenl.    has  shown    that    induced    civti 
poaaesg  all  the  properties  of  other  electrical  earrenl^.     Lit 
tbeni,  thuy  give  sparkA,  produce  violent  shocks,  d€*coni|N 
water,  salts,  and  the  like^  and  act  upon  the  magnetic  need 

Induced  carretits  ure  the  more  pewerfol,  the  looger  the  vriten  i 

tt**itr    O/hf^ttin^Uf    What  lilbeliMlodn.rcQrmi»?    Tbe  *fj*1  need  oocf    Wll 
•^«  ih«  Uwt  tliAl  fvfirn  tb«  liultiowl  eiirr«DU  T    (441 .)  Wh«t  aj«  th«  nroMffhi*  j 


Fig.  30L 


Rilk,  but  o!so  wilh  an  insukling  varnish  of  sumlac.  At  the  ex- 
treriie  left  of  the  stand  on  which  the  coiJ  reutSj  aro  two  binders 
in  connection  wiih  tlm  two  poles  of  a  battery.  From  one  of  tbcrn 
proceeds  a  pi  ale?  of  copper,  going  to  a  tooihrd  wheel,  moved  by  clock- 
work^ aiid  communicating  with  one  of  the  enctH  ^f  Ihc  inducing  coil  j 


i 


nhw  art  l%4i  wirta  ^cound  f 


Hqw  imtiUatcd  f    Mofo  or«  *#  bafUry  oomm^mi^ 


I 


471i  roptruLft  rwWMMtm, 

ooil  Th«  Iwotttidi  of  Ike  filler  wire  ftro  mtecoMMeiiAviA 
Mid  itirouKb  Uiem  tuAf  Im  eomicfltod  wjib  aftf  eauitidv  t 
Vof  th«  purpfwo  of  ■ditiuii«4eriti)(  a  pImicICi  Uie  btiiieci  «i« 
with  wirM  luivmii  eop|M»r  liMuilM,  wiudi  are  to  lie  jjwfiii 

Wli»y  II i«  initmitieiil  ii  in  opentioOi  tlw  carreBi  ^wm  tl 
ll  «OlitiiiUAlly  Urokoti  by  meatiM  of  tli«  looUied  whf&df  i 
IMUliA  A  lUoooMtoii  of  «lu^lcii,  two  ftt  ejieli  intenugbm  il  tk  R^- 
rvul  TI10  fthoelti  lh»t  mriAe  M  Ui<?  bcfgiiimng  int  tlie  fipvaftiiatfi 
mUliiiii,  wbiUl  ibcNw  wbicb  l4ko  pJace  ai  lite  time  of  iattfyvFtia* 

Tbv  (iriiuipltMif  liif1iic(N]  etiirvnts  haa  been  a|i|>lM  in  eoiMtntft- 

iiUf  inntnitninu  l^n-  gnu  ruling  1ur^»^  q ii«in lilies  of  clectficilj:  Tk 
kmtmiUm  vhiII,  oa  irnpn»vrHl  liy  UuhmkciHf,  b  nnr  tjf  tba  mo^  r^ 
iiinrkiiblt*  timirtnn*  titu  4»r  tUU  djuvt  hi  ftoniij  of  bia  Urf^  mm- 
iiwuitk  b«>  \mm  uiurt>  Umii  iiljiiy  miles  of  wiro  in  tlie  iccoodaryj 


t 


Fh^ologtoal  afltota  of  Zneotrical  dureota. 

4.|«.    Kli^ctrienl  cmrreiita  bav©  b<*on   employed  in 
triniment  of  oerliun  diHru-  -  »ially  those  connecte 

wltli  the  iiervoua  ayaiem.     1  y  ban  a  powerful  actio 

fi|ion  Ibe  iiiiiiiuil  cjoonomy,  wid  wben  judicioudly  npplie 
[iniiiMiicii  couKlilerAlilo  ourativo  iH3wer. 

Fig   308  i^prrwuitu  oii«  of  llio  intiny  fonns  that  have  been  giv 

10  llit^  clrHrienl  nppamttiii,  for  (be  purpow  of  nctiiig  upon  the  human 
bmly,  II  roimmtn  of  a  wooitpii  box,  nj»on  wbkb  is  nionntcd  a  copper 
eylimlf^r,  ir»e|oimi;  «  bobbin  of  two  wiren.  The  box  has  a  drawer  of 
jiiuc,  it)  which  i»  a  umall  tiuniiliry  of  ^alt  water.  A  plate  of  well 
falLHii<*il  onrbon,  imprejjriHlptl  with  jiiLnc  aeid^  is  plunged  into  ihi» 
80I niton  In  n  word,  ihe  ctimbimaion  cotifililutos  a  modifted  form  cil 
a  HiiNHRN'fi  rouplt>.  Two  I'oppor  Kjips  communicate,  the  one  wnth 
tUo  ziuu  wild  the  oilier  with  ibc  carbuUj  conducting  the  current  to  tlm 


^  Fh»r  ,i rft  BhockM  giptn  t     WAnt  nrran(f€men$  U  mad^  ,^r  continuaity  bttttk 
tt**it    ffttw  nuty  tfiA  nhockt  h^  increased  f    ^442^)  What  iippUc«tiQii  ] 

'"  TriHIclifie  f 


Japge  wire  of  the  coil,  thrmigh  a  piece  of  machinery  for  brenking  the 

purrGDt.     This  current- breaker  consistfi  of  a  email  plate  of  soft  iron, 

Itracted  by  an  eleclro-magtjct  in   Ihe  centre  of  llie  bobbin.     It  i^ 

■attracted  when   tlio  current  pafjics,  and  immediatt'ly  internipln,  or 

breaks  it     The  induced  current  b  conducted  by  wire*  to  two  spoiigee 


■aturated  with  salt  water,  or  fresh,  accord iii^r  as  it  is  desired  to  make 
a  more  or  Icrb  intimate  coniniun(ea.tion  with  the  part  through  wh'eh 
the  shocks  are  to  be  passed.  Finally^  the  method  of  applying  the 
shocks  is  shown  in  Fig.  308. 


■  Electrical  Fiahea* 

443*  Certain  fishes  possera  the  power  of  imparling  a  fchock  that 
eompares  in  intenKity  with  that  of  a  powerful  Leyden  jar.  Such 
fishes  are  called  electrical  fi^he!^^  and  are  of  three  kinds^  tlie  mo^t 


t 


( 448)  Dtwirm (h«  tUeirieal  jUhu. 


'•1  MiMMMkui  iuhI  biiNri.A«ii. 


'•..*.»..  a  iiviu  iUo  itebi  iM«il  »1mi  tlMU  Uwk  ^k^vummm  i 
.  iu.v.1  (.iu»  «)iM«A  M  vuluMiAfyi  mmI  I 


^M  «W. 4«  .««#'    WM^^IPmMpm ««M 


414«  A  MAGHiNB  in  a  contnviitic<$  by  riiiiarm  of  whh?h  o 
Toroe  applied  at  one  pointy  in  mml^  to  pniiliiiHi  an  MiXufii  at 
^ome  other  point* 

The  force  applied  ib  called  the  |»MMf,  ami  Uvq  ^m  U»  be  ovuroauie 
Ib  called  the  reeistancd. 

K  Mototair 

445.    Ttie  working  of  a   rnitchino  requlnii  ft  OOOtltl 
application  of  power.    Tl*©  aource  of  thii  power  ia 

the  HOTOB. 

Borne  of  the  most  important  motom  arc  mm^mlar  qffbrt^  w  everted' 
by  man  or  beast,  in  vanood  kiiulM  of  wcirk  ;  the  iAiight  md  imfmtM 
qfwaUr^  as  in  water-mills ;  the  imftuhe  qfair^  an  in  wind  hiiIIh;  the 
dastie  force  of  tprirtga^  as  in  watchoji;  the  ifxpamive  force  af  tap^r§ 
and  ga«€Sy  tm  in  et«am  unrj  hot- air  enginen.  The  laat  k,  {>erba]M^ 
the  most  useful  of  the  moton  mentioned. 


h  Objaot  and  Utility  of  MacMnea 

44ll«  The  object  of  a  machine  is  to  transimt  the  power 
fiinibhed  by  the  motor,  and  to  modify  its  action  in  such  a 
mamier  aa  w  cauae  it  to  produce  a  useful  effect 

(***•) 'WTiAttaaoiMWiieT    Tftsp&wrf     The  rvi*4tanti0  f    (445.)  Whmttaano- 
ff    M^iUientamtqftfumoHimporianL    (4441,)  wtiKt  li  Ibe  ol^ectora 


d 
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la  no  9tm  do«  a  madiiiw  wM  wasylhia^  to  thm  ] 
•O  ttm aosliary,  ii  afaiorta  man  mhm^^bm  | 
llM  mtaxm  of  the  worit  to  ba  dooa  ohI  Hi 

odwaao  Um  paria 

Soraa  of  tha  eroimilaBeai  whUk  mam  as  aiMiipCioa  oC  po«ttj 
are  U»e  rubbing  of  one  pari  npoo  anollMr,  thm  hHEmh  oT  btadsi 
belU|  the  reastanjoa  of  tba  air,  Uie  adbgaion  of  cMia  part  to  i 
aad  tha  want  of  barduaB  tmd  eUsdd^  ia  Uia  matariak  of  wbieb  i 
maoliba  ui  commiciad.    Tlia  redfllaiioes  anani 
mSkdkmifMlrmktancet.    Tbejooi  only  aliaorliiiUHbcf  the  powa 
ippllad,  bot  Uiej  abo  oontribote  to  wear  out  tlie  naabi 
fvialei]c«  of  tbese  reustancet  In  ev^ij  machine  peqaiiai  a  ( 
m\t\Aj  of  fiower  to  orercoma  tliem,  in  addition  to  tltat  moimtriW  ^ 
t>«rrunt)  ti)6  oaefhl  work.      Qeooe  tbe  abaoniity  of  attgrnptim.] 
obtaiii  iierpetual  moiloiL 


Qnaotltj  of  Work  of  a  Forca^ 

447.  The  idea  of  wobk,  in  mechamca,  implies  that  i 
force  h  con iLnti ally  exerted,  and  that  the  point  at  which  it  is 
applied  moves  through  a  certain  space.  Thns,  in  raising  i 
weight,  the  work  performed  depends  Jirgt  upon  the  weight 
niiRcd,  and  secondly  upon  the  height  through  which  it  i« 
raised.  The  quantity  of  work  of  a  force  in  any  given  lime, 
ifl  meaanred  by  the  intensity  of  the  force^  expressed  in 
IKjutuIb,  multiplied  by  the  distance  through  which  U  is  ex^ 
erted^  expressed  in  feet.  This  distance  is  called  the  ^ 
deeeribed. 


tA^^^ 


EqafUbdam  of  a  Machliia, 

4'li-     A  machine  is  in  KQinriBnitrM  when  the  power  w^ 
resistance  exactly  balance  each  other» 

It)  determining:  tlie  circumatances  of  equilibnnm,  it  is  custom! 
tt*gkt!L  th(s  liiirtfiil  resiatftncea  id  the  first  approximation,  and  th* 


^n  (9  m«rJi4H«  ^0aU  pmotr  f     What  art  kur^d  r^iftaness  f     7%Mr 
1*^1.)  WU«t  l«  meant  by  work  ?    IllttHlrftte.     Wknt  U  thi  fnmmtr^  qTHU 
flt^mrkt    (4a<t.)  Wben  ia  b  itiachtpe  )n  equiabrJumT     What  t§  AU 
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at  of  them  br  oorreotioria.     If  the  hurtful  reektaucefl  h% 
,  it  will  be  found  that  any  maGhine,  working  unifonnly^  Im 
britim,  wheQ  in  any  given  time  the  quantity  qf  wtfrk  of  iht 
m£i  equal  to  that  of  ths  renttan^. 


II.  —  SL«M1ENT4RT      UiLOHIVli* 

Mechatitoal  Powers, 

m49*  The  elementary  machines  are  seven  in  ninnhcr,  ?!*., 
^6ord;  the  lever;  the  inclified  plane  ;  1kiBpuUe>/;  the  wheel 
a^h ;  the  screw;  and  the  wedge.  Thrfo  Hovtm  nro 
Bed  tnechanioai  powers.  The  first  three  are  simple  ele- 
lU ;  the  remaining  onea  arc  combinations  of  these  three, 

>e  principles  of  the  lever  and  inclined  plnno^  ao  ftir  as  otwessary 
in  anderstanding  of  the  principles  of  PhysicR^  have  already  been 
in  Chapter  I.     In  the  following  arliclej)  those  prinuiplos  are 
in  connection  with  a  description  of  tlie  other  meohanical 
era.     In  the  cuts  which  follow,  tlie  poveer  afid  reaistan^e  nr« 
represented  by  arrow-heads,  the  former  being  denoted  by  tlie  lettor 
P,  and  the  latter  by  R. 


V4M 


The  Cord. 

CoED8»  and  baxds  or  belts,  are  used  for  tranumtt- 
ling  motion  from  one  point  to  another,  aa  in  the  pulley* 
Chainfl  are  often  employed  for  the  same  purpose,  as  in  the 
watch. 

Oorda,  belts,  and  chaina,  Bboold  be  as  flexible  as  is  conBiDtent  with 
mfficient  strength. 

H  The  Iievef. 

451.  A  LEVKB  is  an  inflexible  bar,  firee  to  turn  about  an 
ids.  This  aicis  is  called  the  fulckl^m.  (See  Arts,  30, 3 1 ,  and 
82.)     Levers  may  be  either  straight  or  curved.     The  dis- 

(«#•>)  Bow  mmxkj  meehftnlcal  pc»wer»  are  tti«r«T  Nuba  Uina.  (*<M^)  Wtel  li 
lb*  cw»  of  t  «o]-d  or  bftnd  Sn  mRehlnery  T    (#»!»)  Wli»t  la  » lever  T 


I 

ili^«^  r^w.  Fig,m. 

ii  ifi  ciiis  tfc*  piiki  inaribad  %  lk»  pointa  of  ftpplic&tion  of  thi' 
|ji»v«r  and  nuKaant  will  be  yropatlkaml  to  tlieir  lever  arms,  and 
whm  la  eqaOIbfiiiB,  tlie  power  will  txe  to  tlie  reslsUiioe  as  the  levw 
im  of  lb*  mwrteiirin  is  to  the  kver  arm  of  the  pow«r» 


Compottnd  lierefm 


4ft!l.  A  ooMPouifD  hKTKR  w  ft  oombinfttion  of  minple  levarB,  iC 
imuiged  that  the  reetstaace  in  ooe^  acts  as  a  power  in  the  nesti 
throoKhoot  the  combination. 

Compound  levers  are  ased  for  magniiying  small  motiona,  ae  in 
■howing  Uie  expansion  of  bodies ;  or  to  enable  a  small  weight  to 
a  large  one,  as  in  the  hay-scale  and  in  other  weighing 
«.  The  principle  of  the  compound  lever  applies  in  trains  ol 
wheel  work. 


i 


{4a4«)  W\ai  ia a  oompotmtl  Utm^ r    laiitoiif 


I 


KLEMKNTAJcy^    ILlCKUfEfl. 


47» 


The  Inclined  FLane. 

^3.     An   iircuN£D  plants  is  a  plane  tnolined  to 
ioiizon.     (See  Arts.  49,  50,  and  5  L) 

In    roacliinery,  the   iocliiied    plane   \a  seldom   tised^  except   in 
ambiniiUon. 


th^ 


The  Fnlley. 


I 


Single  Fised  PxOimf. 

4M.  In  this  pnlley  the  bloek,  O,  is  fixed,  and 
the  wheel,  AB,  turns  within  It.  The  effect  of  the 
fixed  pnlley  is  simply  to  change  the  direction  of  a 
force. 


^^-i*  A  PiTLLBT  is  a  wheel  free  to  tnm  ahont  on  axis 
and  having  a  groove  around  it  to  receive  a  cord.  The  axis 
tarns  in  a  frame  called  a  idack.  J 

A  pulley  IB  Bald  to  be  jie«i  or  ma^MtbU^  according  as  ita  block  iff 
fixed  or  movable. 

y 

i     % 

BAn^e  Movable  Pnllej. 

45^.  In  this  policy  the  blocks  O^  is  movable,  and  the 
wheel  turns  within  it* 

Ptilleys  are  combinations  of  the  cord  and  lever.  In 
the  fixed  pallej  we  m&j  regard  AB  aa  a  lever,  whoee 
lever  arms  are  OA  and  OB^  and  whose  fhlcrom  is  O, 
la  the  movable  pulley  we  may  regard  AB  as  a  lever  of 
^e  second  class,  whose  Mcmm  is  A,  and  whose  lever 
arms  are  AB  aod  AG. 

Pailejs  are  used  for  raising  weights,  for  working  the 
rigging  of  ships,  and  the  like.  They  are  fipeqnently  used 
tn  oombiaattons.  nf.  itc 


1 


(4S3.)  Wlut  tt  u  iDotliiod  ptHi«T  («5«0  Whftt  U  m  pulley  T  A  block  T  Whtm 
0m9df  MovabUr  (459.)  Dcsciibe  Oie  vto^e  fixed  i>ane7.  Ito  eObet  (490.)  !>«- 
manbt  lbs  «tiLf  to  ourrAblA  pulley.    €^  vhai  94mpU  macM^u  ar§  pmU^if*  oompoi^t  f 
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tanoas  from  the  ftilorum  to  the  lines  of  direction  of 
power  and  reslstanee  are  called  i 
arms. 


In  the  lever,  MN,  F  is  the  folcranif  \ 

and  NK  are  the  lines  of  directiOQ  of  \ 
power  and  resistanee,  FA  is  the  lever  i 
of  the  power,  and  FB  is  the  lever  ann  < 
^•^^'•'  the  resistance, 

fevers  are  divided  into  three  classes: 

In  the  ^firtt  class  (Fig.  810),  the  fulcrum  is  between  the  power  i 
IJie  resistance.     Tbe  steel janl  is  a  lever  of  this  class. 

In  tlie  secmid  class  {Fig*  Sll),  the  resia^Ance  is  between  the  power  I 
and  liilcrnm.     The  rudiler  of  a  ship  is  a  lever  of  this  class.  | 

In  the  third  class  (Fig,  812),  the  power  is  between  the  resistance 
and  the  folcrum.    The  treadle  of  a  lathe  is  a  lever  of  thia  dasa. 


L 


^ 


rig.  810. 


Fig.  Ml. 


r 


f1ff.Stl. 


In  aU  cases  the  paths  described  hj  the  points  of  application  of  the 
jjower  and  resistance  will  be  proportional  to  tlieir  lever  arms,  and 
when  in  equilibrium,  the  power  will  be  to  the  resistance  aa  tlie  lew 
ftnn  of  the  reaietance  la  to  the  lever  arm  of  the  power. 


Compoand  Iievera 

45£l»  A  coMPOiTKO  LEYEE  IS  a  combination  of  simple  levers,  ic 
airanged  that  the  reeiBtanoe  in  one^  acts  as  a  power  in  the  oezti 
throughont  the  oombination. 

Compound  levers  are  used  for  magnifying  small  motiona,  aa  ill 
abowing  the  expansion  of  bodies ;  or  to  enable  a  small  wal^l  to 
balance  a  large  one,  as  in  the  hay-scale  and  in  other  weighing 
machines.  The  principle  of  tbe  compound  lever  appliea  in  trains  of 
wheel  work. 


'^mHrtxU,    (4dfl.>   WXaiie a  compound  ie0m'r    I^SMit 


fiLEm^TTAliV   MACEOTES. 
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The  Inclined  Planou  ■ 

4^3.    An   iNcu^rsD  plans  is  a  plane  inclinecl  to  the 
lliorizon,     (See  Arts,  40,  50,  and  51.)  J 

In    mftohineiy,  the   Inclined    plane   is   seldom   lued,  except    fn 
oinbmfltion. 


The  Pnnej.  V 

4&4.     A  puixKT  is  a  wheel  free  to  turn  about  on  axis 
and  having  a  groove  around  it  to  receive  a  oord.    The  axis 

turns  in  a  frame  called  a  Hock. 

.«     A  pullej  is  said  to  be  Jlud  or  mombla^  according  aa  its  block  is 
fixed  or  movable*  J 

Blngle  Fixed  Fulley. 

455.  In  this  pulley  the  block,  O,  is  fixed,  and 
the  wheel,  AB,  turns  within  it.  The  effect  of  the 
fixed  pulley  i^  simply  to  change  the  direction  of  a 
force. 


^1 


s 

^ 


Sln^e  Movable  PoUey. 

^M,    In  this  pulley  the  block,  O^  is  movable,  and  the 
wheel  turns  within  it.  0 

Palleys  are  combinatlonfl  of  the  cord  and  lever.  la 
the  fixed  pnllej  we  may  r^s^rd  AB  aa  a  lever,  whoee 
lever  arms  are  DA  and  OB,  and  whoae  Mcram  is  0, 
In  the  movable  pulley  we  may  regard  AB  as  a  lever  ot 
the  second  class,  whose  fulcrum  is  A,  and  whose  lever 
arms  are  AB  and  AO. 

Pulleys  are  used  for  raising  weights,  for  working  the 
rigging  of  ships,  and  the  like.  They  are  frequently  nsed 
tn  combinations. 


(aas.)  Whmt  !■  HD  locliised  piMief  (4^4*>  Wh&t  Le  t  paU«y  t  A.  block  f  Whsm 
f^mdf  Mo^abUt  <«9I»0  Describe  the  tLaifle  fixed  pulley.  I ta  effect.  (45a.)  Dc^ 
flarlti«  tli«  dBf  l«  moTiblfl  pmUer.    Qf  ^skai  §4mpi4  maeMtm  art  pttii^v*  oompM^  f 
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Combinatioiis  of  PoUey& 


45T*    Figum  815  repreaenta  h  eombmatioo  of  throe  mofiUi 
poUeja,  in  which  there  is  a  separate  cord  for  each  pulley.    One  WJ^ 
- .   of  each  cord  is  attached  to  a  fixed  sup-   -^ — ~^ 


¥ 


'  port,  the  other  end  bein^  attached  to  the 
block  of  tlie  piilJey  next  in  order,  except 
tb©  last  one,  at  the  fi^ee  extremity  of 
which  the  power  is  applied.  The  re- 
sistanoev  R,  is  applied  to  the  block  of  the 
first  pulley.  This  oombiaation  is  diffi- 
cult to  use^  and  occupies  a  groat  deal  of  L 
t  space. 

Figure  310  represents  a  combination 
of  fized  and  movable  pulleys,  the  former 
in  one  block  and  the  latter  in  another. 
^'  A  single  cord  is  employed,  h&ving  one 

end  made  fast  to  the  6zed  block,  and  then  pamiing 
around  the  wheelfi,  alternating  between  Uiose  of  the 
movable  and  those  of  the  dxed  block.  The  power  h  applied  ftt  thi 
free  extremity  of  the  cord,  and  the  resistance  to  the  movable  block. 
The  pulleys  in  each  block,  instead  of  being  one  above  another,  i&  ^ 

I  the  %are,  are  often  placed  side  by  aide* 


^ 


The  Wheel  and  Axla 


45§. 


The  WHEEL  AKD  AXI.E  coDsiflt*  of  a  wheel,  or  dnun, 
A,  mounted  upon  an  axle,  B,  The 
power  is  applied  at  one  extremity  of  a 
cord  wrapped  around  the  wheel,  and 
the  resistance  at  one  extremity  of  a 
Becond  cord  wrapped  around  the  axle 
in  a  contrary  direction.  The  whole  ift 
supported  on  a  suitable  frarae^  by 
means  of    pivots  projecting    from  th^ 


wig.  §17. 


ends  of  the  axle. 


(«M.)  What  ti  ft  wheel  uid  ASto  t  \ 
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Lciple  of  the  wheel  and  axle  la  similar  to  that  of  the  puHej, 
[like  that  machice^  a  comhlnation  of  the  cord  and  the  lever. 
nerj  its  principal  use  is  in  tranamitting  motion  of  rotation 
[  piece  to  another. 

The  Windlaas  and  CapstfUL 

459*    The  wmntiea  consistn 

of  an  axle,  or  arbor,  AB,  and 

a    crank,    BCD,   by  means    of 

which  it  13  tnrned.     The  crank 

consists  of  an  arm,  BO,  perpen* 

dictilar  to  the  axle,  called  the 

erafik  army  and  a  second  arm, 

DO  J  perpendicnlar  to  the   first, 

called   the  erank  handle.    The 

*'^*''^®'  power  is  applied  to  the  cnmk 

lie,  and  the  resistance  to  a  rope  wrapped  aronnd  the  axle,    Tlie 

1 19  principally  nsed  in  raising  weight*. 

ffce  capstan  differs  from  the  windlass  in  having  ita  aiia  vertical, 

in  being  turned  by  means  of  levere  inserted  in  holes  made  in  the 

kd  of  the  axle,  iontead  of  by  a  crank.     It  is  much  need  on  ahlp- 

^  for  raiding  anchors  and  the  like. 

^B  The  Difierential  Windlaafl. 

R,  J  €«0.     This  differs  from  the 

common  windlass,  in  having  an 
axle  formed  by  two  dnims^  A 
and  B,  of  different  diameters, 
A  cord  ia  attached  to  the  larger 
cylinder  and  wrapped  several 
times  around  it,  after  which  it 
passes  under  a  movable  pulley, 
C,  and  ia  then  wrapped  in  a 
contrary  direction  around  the 
smaller  cylinder.  The  power  ia 
applied  to  the  crank  arm,  and 


1  resistance  to  the  block  of  the  movable  pulley. 

■  DM  in  machliaeiT  ?    (4:59*)   Whut  U  a  udnd^as*  f     IhMorii,g  it,     WkM  U  a 
Ht  f     Wfutt  U  a  oapHtm  t    <460,)  Dcifliib«  the  dILffereiitta]  wlndlMt. 


F^pS  491.  The  BCRXW  m  esaentiaHy  a  comb 
^^^1  of  incdined  planeik  It  oooMsts  of  a  solid  < 
M!^  enTeloped  bj  a  spiral  projecdoo  called  the  thnal^ 
^p2  "^^  two  laces  of  the  thread  are  nothing  mora 
^^C  than  indiDed  planes  woand  around  the  cylind^  ( 
■■^^  the  screw. 
'^••^  The  screw  works  into  a  solid,  fitted  to  receive 
it,  caDed  the  nut.  The  nnt  may  be  fixed,  the  screw  turaiDg 
within  it,  or  the  screw  may  be  fixed^  the  nut  turning  upon  it 
Motion  is  imparted  to  the  one  or  the  other,  as  the  ease  maj 
be,  by  means  of  a  lever,  at  the  extremity  of  which  the  power 
is  applied. 

The  endless  screw  is  a  screw  eeeured  by  shoulders,  bo  that  it  fisn 
not  moTe  in  the  direction  of  its  length, 
sod  w<)r]dng  into  s  toothed  wheel  When 
the  screw  is  turned,  it  imparts  motion  to 
the  wheel,  which,  In  turn,  may  he  made  ta 
move  a  traiD  of  wheelwork. 

Af  achines  of  this  kind  are  used  in  regis- 
tering  the  number  of  turns  of  an  ail e,  as, 
for  ex  amp]  e^  the  shaft  of  a  steamboat  As 
eodless  screw  b  arranged  so  as  to  turn  m 
many  times  as  the  shafts  aad  is  connected 
with  a  train  of  light  wheelworlc  The 
wheels  bear  iDdicea,  by  means  of  which 
the  number  of  tuma,  in  any  given  time, 
nmy  be  rea*!  off.  This  irrangemeot  ia  eitenmvely  used  in  gas  nod 
witer-metera^  aud  also  iu  various  branches  of  manufacture. 


fig,  m. 


0 


A 
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The  Wedga 

4«3.    The  TTEDGE  is  a  solid,  boundevl  by  a  rectangle,  BD, 
Ded  the  bcick;  two  rectanglea,  AF  and  ^ 

?*,  caUed  facea^  and  two  triangles,  ADE 
Bd  BCF,  called  ends.  The  line,  EP,  in 
bicb  the  faces  meet,  is  called  the  edge. 

wedge  i8  a  combination  of  two  in* 

Sned  planes,  and  is  used  in  spliltiog  and 

tting  instruments.    The  power  ia  applied 

the  back,  atui  may  consist  either  of  a 

or  of  a  steady  pressure.     The  resist- 

(  is  applied  to  the  faces. 

)  power  of  a  we<lg0  maj  be  increased,  by  increasing  th*j  leng^ili 
f  its  fooea,  and  bj  diminisliing  the  breadth  of  its  back. 


rif.  til. 
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III. — HUKTFTJL      BBSieTANCKS. 

Friqtioti. 


403.     Frictiox  is  the  resistance  which  one  body  ex* 
iences  in  moving  upon  another  when  the  two  bodies  are 
ssed  together.     This  resistance  arises  from  inequalities  in 
surfaces,  the  projections  of  the  one  siuking  into  the  de- 
essions  of  the  other.    To  overcome  the   resistance  thua 
reduced,  a  force  must  be  appUed  sufficient  to  break  off  oi 
bend  down  the  projecting  points,  or  else  to  lift  the  moving 
iy  over  the  inequalities. 
I  Friction   is  dii^tingnished  as   sliding  and  rolUng,      The 
ler  arises  when  one  body  is  drawn  upon  another;  the 
tter,  when  one  body  is  rolled  upon  another.     Every  tiling 
se  being  equal,  the  former  is  greater  than  the  latter. 

It  has  been  found  bj  experlraeat  that  the  sliding  friction,  between 
th*.*  same  two  bodies,  is  projjortionttl  to  the  foroe  with  whteh  they 

(40^.)  What  IM  ft  wfidgB?  Of  what  !■  U  oompr-uiided  T  Its  use?  ffo^e  may  iU 
imtm-  > «  in^r^i^tff  f  (4«a.)  Whiil  ia  rVicUan  T  How  U  It  cauM?d  t  Dlitinctlon  bf 
rw«en  r naing  and  rolling  frlctt-m  t  W  bleb  1r  ilie  gremter  7  Brplain  lAo  Umd§  qf  ht^ 
hiding  and  rolling  fHition, 


I 
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are  pressed  together,  and  independent  of  the  extent  of  Boiftee  h 
contact. 

It  has  been  fbnnd,  when  a  wheel  or  pivot  rolls  npon  a  sor&M,  tint 
the  rolling  friction  is  proportional  to  the  pressure,  and  inversely  pro- 
portional to  the  diameter  of  the  wheel  or  pivot. 

[n  many  cases  there  is  a  combination  of  sliding  and  rolling  friction. 
In  tlie  case  of  a  car  on  a  railroad,  the  friction  at  the  axle  is  siidiog, 
while  that  at  the  track  is  rolling. 

Sliding  friction  may  be  greatly  diminished  by  interposing  between 
die  mbbing  surfaces  unffuenta,  such  as  lard,  tallow,  oil,  and  varion^ 
coni|>ositioos. 

For  slow  motions  and  great  pressures  the  more  consistent  unguent's 
as  lard,  tallow,  and  the  like,  are  used ;  for  rapid  motions  and  %bt 
pressures,  oils  are  generally  employed. 

StifiEQesB  of  Corda. 

464.  When  a  cord  is  wound  upon  a  wheel  or  axle,  s 
certain  amount  of  force  is  required  to  bend  it.  The  re- 
sistance which  the-cord  thus  offers  to  bending  is  classed  as  a 
hurtful  resistance.  This  resistance  should  be  obviated,  as  fer 
aa  possible,  by  selecting  bands  and  cords,  which  are  as 
flexible  as  is  consistent  with  due  strength. 

Atmospheric  Resistanca 

465.  The  atmosphere  exerts  a  powerful  resistance  to  the 
motion  of  bodies  moving  through  it.  It  has  been  found, 
both  by  theory  and  experiment,  that  this  resistance  is  pro- 
portional to  the  greatest  cross  section  of  the  body,  made  by 
a  plane  perpendicular  to  the  direction  of  the  motion,  and 
also  to  the  square  of  the  body's  velocity.  To  obviate  this 
resistance,  as  far  as  possible,  the  pieces  which  have  a  rapid 
motion  should  have  as  small  a  cross  section  as  is  consistent 
with  due  strength. 

^opiain  the  two  kinds  qf/HcHon  in  a  ear.  Haw  is  friction  diminishsd  t  Wht» 
••«»Wd  Vou  employ  nonsUtent  and  wTi&nJhHd  vngu«nts  t  (46*.)  How  does  iU  rtJ* 
??■  o'oordi  prodace  regfrtanceT  How  lessened?  (46a,)  Explain  the  snbjcciol 
'•Oo^AertoresiftaBce.    How  l«8aeii«d1 
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T\\e  principle  of  almospberio  resistance  has  been  employed  to 
l^jirnlate  the  velocity  of  certain  machines*  To  effect  this  object,  n 
wheel  i»  arranged  bearing  r>anes^  which,  striking  against  the  air 
generate  a  resistance  that  prevents  the  velocity  from  passing  a  certain 
limit  It  is  tiiis  principle  which  renders  tlie  para^^huta  a  safe  meana 
of  descending  ftom  a  balloon* 


IT.  —  waasLwoRK. 
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Traima  of  "Wlieela. 

466.  The  power  furnished  by  the  motor  of  a  comp' 
maehlDe,  is  usually  iransmitted  througb  a  syceesssion  of 
pieces,  to  the  working  poinL  These  connecting  piecca 
are,  in  general,  wheels  iind  axles,  and  taken  together 
they  forra  what  is  called  a  train,  A  wlieel  wbicb  imparts 
motion  to  a  sacceeding  one,  is  called  the  driver;  that  to 
wbicb  motion  is  imparted,  is  called  tbe  followen 

Mode  of  Coimectlon. 

467,  There  are  varioiis  methods  by  meaua  of  wMch  one 
wheel  may  be  made  to  act  upon  another. 
I  I^lrsL  By  simjile  contact.  The  driver^ 
A,  being  Bligbtly  pressed  agtiinst  the  fol- 
lower, B,  the  friction  between  tbe  wheels 
IB  sufRcient  to  impart  a  motion  of  rotation 
from  the  former  to  tlie  latter. 


i 


ng.  888, 
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To  increase  the  friction  and  avoid  sliding,  the  surfaces  are  fre- 
quently covered  with  soft  leather  In  all  cashes  the  inf^tioo  of  the 
follower  is  in  a  contrary  sense  to  that  of  the  driver^  as  indicated  by 
the  arrows. 

Secondly.  By  meanH  of  bands  or  belts.  The  band  \a 
p^isaed  around  the  circumferences  of  both  wheels,  and  when 


What  1M4  AdJ  &«tfn  mad«  of  atmottpluric  r»ifiatanc«  om  a  rtguUiicrf  (4<WJ,)  Whai 
1b  ft  train?  A  driver  T  A  follower t  (4«7.)  Explmlb  ibe  mode  oTooonoctloQ  bj  sin)* 
pl»  eooWoC.    ffow  ii  diding  iMxHded  t 


4M 
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l))|h(«ii<Hl,  h  Hufflitleiit  Amount  ot  friolioa 
|M^i  I  iiutUoii  Ahiiii  thti  driver  to  the  toUowi 

WliMi  llio  Inuid  <1(>M  not  oroM  between  the 
^%4n«  \\\  U\^  Mine  dlroQUou,  m  ladlceted  in  f%.  tti. 
\/kk\\\  (MAUMHM  MwMMi  the  whoeli,  thej  rerolre  is 


Fif.m 


nn  h^aumliH^  \\\  Kl|t«  a^A.  Holu  Are  made  of  leather,  gntta 
m\^t  \\w  Uk^^  TU«>,v  HIV  tlAt  A»(l  thin,  and  the  drums  on  which  ^ 
\s\\\  ^\\^\M  U  »)i^ial^Y  t^l^VAtiHl  toward  tlio  middle  of  their  thkkottL 
WmnU  HIV  wiii\W  \^t  \sk\fi\\U  ht>iupou  fibres,  or  wire,  nearl j  ejfiDdrioL 
\\\^  \\\\\\\\^  w  |«m1^y«,  km\  whioh  thoy  run  should  be  eler^ed  ittbi 
ih)^^^  \  "UMVk*  art>  al«K)  iijhh),  and  in  tliis  ease  the  drums  should  to 
lS^^^\\H),  i\\\\\  «4lh«>r  uotiv)ttKl  or  timtliod,  so  as  to  fit  the  links  of  ^ 

A*»N/;y.  Uv  lut^nuj*  of  |MH\IooUon«  un  the  circumferences  of 

A  M\mU  \\  Uo0i«  i\  numutiHl  on  tiio  axlo  of  a  large  one,  B,  is  called 
i\  pMon^  and  its  projections  are  called 
^^    '^         /^i«y<    In  the  figure  the  teeth  of  the 
\^.  who«^  A  engage  with  the  leaves  of  the 
\  A  l^inion  0,  and  tlio  teeth  of  the  wheel  B 
i>j|  ongl^^>  with  the  loavoa  of  the  pinion  D. 
If  tho  whool  A  la  turned  in  the  direction 
luvUorttod  hy  tliO  arrow,  the  wheel  B  will 
)\^volvo  in  a  contrary  direction,  and  the 
whiH'l  F  in  tlie  same  direction.    A  wheel 
whotto  twtli  priyoot  fK>m  its  circnmfer- 
tvniHs  a{»  shown  in  Fig.  826,  is  oallod  t 


v^ 


Sn 


V 


u\^ 


>*i^^^ 
^M'^ 
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Bi|a«lA  ih«  m<Hl«  \4  <H>i)n«KvUon  by  Uud«  «nd  belU.    Explain  ihs  hoo  miihodt  nf 
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111  the  conjbmaiiou  ^hon  n  m  Fig,  326,  the  axea  of  the  wheels  are 
[>f  oeed  to  he  parallel  When  the  aiea  are  not  paraUel  to  eooh 
ior,  motion  of  rotatioa  may  be  ooramutiicated  by  means  of  beyeled 
iieeU,  as  shown  in  Fig.  13.  If  the  axes  are  perpendioulftr  to  eaoh 
ber,  beveled  wheels  rnaj  be  ueed,  as  in  Fig»  13»  or  the  driver  umy 
its  teeth  set  perpendicular  to  its  face  and  working  iota  a 
iqjt-JSach  a  wheel  is  called  a  erawn-whuL 
/""^When  the  number  of  teeth  of  tho  driver  ia  greater  than  that  of  the 
follower^  the  angular  velocity  of  tiie  latter  will  be  greater  than  that 
of  the  former.  By  a  suitable  adjustment  of  the  number  of  teeth  on 
the  different  wheels,  the  angular  velocity  may  be  mnltiplied  al 
pleasore. 


V.  — BROULATOBft, 

The  Oovemar. 

18-  The  GOVEBKOE  IB  a  contrivance  for  regulating  the 
supply  of  motive  force.  One  form  of  this  contrivance  h 
ehown  in  Fig.  327. 

AB  ia  a  vertical  axis,  connected  with  the  machine  near  ita  work- 
ing point,  and  revolving  with  a  velocity  pro- 
portional to  that  of  the  working  point;  FE 
and  GD  are  arms  turning  with  the  axis,  and 
bearing  heavy  balls^  D  and  E,  at  their  ex- 
tremities; tlie  arms  are  attached,  by  hinge 
jointa,  at  G  and  F  to  two  bara^  OG  and  OF, 
and  these  bars  are  connected  by  hinge  joints 
with  the  aiia  at  0.  The  arms  FE  and  GD 
are  also  conuected  by  hinge  joLntai,  with  a 
ring,  n,  which  ie  free  to  slide  np  and  down 
the  axis,  AB. 

When  tlie  axia  revolves,  the  centrifugal  force  developed  in  the  balk 
tsanses  thorn  to  recede  from  AB^  and  depreasoa  the  ring,  H,  Thia 
causes  the  lever,  BK,  to  turn  about  ita  fuloram,  K,  and  when  the 
Telocity  has  become  sufficiently  great,  the  lever  operates  to  close  a 


Fig,  m. 


A  bmeled  wfisd  f    A  isrown  tDh«6lf     Whim  is  the  tmgtiktr  moHon  of  $h0^Uom$^ 
fftmUr  tha^  thai  of  1A«  drivt^r  t    (#08.}  Wbat  Ia  b  gavomDr  T     Dtserib*  that  i 
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Water-Wlieel& 

471.  A  WATER-WHEEL  is  a  wheel  put  in  motion  by  the  action 
of  water.  Water-wheels  are  divided  into  two  classes — verti- 
col  and  horizontal  wheeb.  There  are  three  principal  varieties 
of  vertical  wheels — overshot^  undershot^  and  breast  wheels. 
The  most  important  of  the  horizontal  wheels  is  the  turbine. 

The  overshot  wheel  consists  of  a  cylindrical  jy 

druftk,  A,  terminated  at  its  ends  by  projecting 

rings,  B,  called  crowns.    The  space  between 

the  crowns  is  divided  into  cells,  by  curved 

or  angular  partitions ;  these  cells  are  called     (W  q  fejWl 

bueketij  and  they  are  constructed  so  as  to      \f\  ^!l\ 

retain  the  water  as  long  as  possible.     The 

water  is  delivered  by  a  sluice,  0,  near  the  top 

of  the  wheel,  and  acting  by  its  weiglit,  it  Fig.  829 

imparts  a  rotary  motion  to  the  wheel. 

The  undershot  wheel  resembles  the  overshot  wheel  in  its  general 

construction,  but  differs  from  it  in 
tlie  form  of  the  partitions  between 
the  cells,  which  may  be  plane  or 
curved.  These  partitions  are  call- 
ed floats.  In  this  wheel  the 
water  is  delivered  at  the  bottom, 
and  striking  against  the  floats 
with  a  velocity  due  to  the  height 
Fig.  880.  of  the  water  in  the  reservoir,  A, 

rotary  motion  is  produced.     In  this  wheel,  the  water  acts  solely  by 

its  impulse. 

The  breast  wheel  differs  from  the 

overshot  wheel  in  having  the  water 

delivered  into  the  buckets  at  a  lower 

level,  and  in  being  provided  with  a 

casing,  or  trough,  A,  called  a  breast^ 

nearly  fitting  the  periphery  of  the 

wheel  which  revolves  within  it.   In 

this  wheel  the  water  acts  both  by 

Its  weight  and  its  impulse.  Fig.  881. 

(4:71.)  What  l8  a  water-wheel?  How  many  classes?  The  principal  vftrietlea  of 
rertteal  wheels  ?  Denoribt  the  ftverthot  wheels  itt  drum  crowni,  and  buoksU,  D^ 
toribe  tk4  undsruhot  wheel     The  breaH  wAm*. 
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A  description  of  turbineij  which  are  more  complex  than  ?ertieal 
wheeU,  does  not  fall  within  the  scope  of  the  present  work. 


479. 


The  Bteam-Biigina. 
A  STSAM-sNOiNB  is  a  combination  of  pieces  for 


uiiliuug  the  expansive  force  of  steam  and  converting  it  into 
a  motive  power. 

Ic  fhe  following  pages  only  a  few  of  the  most  prominent 
points  are  explained.  A  complete  discussion  would  require  more 
space  than  can  be  given  within  the  limits  assigned  to  this  treatise. 
For  further  details  the  pupil  must  consult  those  works  in  which  the 
■abject  of  steam  is  treated  as  a  specialty. 


Bteam. 

4T3.  Let  AB  represent  a  glass  tube  of  uniform  bore,  and  0,  a 
piston,  fitting  it  steam-tight,  and  suppose  a  little  wa- 
ter to  be  in  the  tube  below  the  piston.  If  heat  be 
applied  to  the  bottom  of  the  tube,  by  means  of  a 
spirit-lamp,  the  water  will  be  converted  into  steam, 
and  the  piston  will  be  driven  to  the  top  of  the  tube. 
If  the  lamp  be  removed,  and  the  tube  allowed  to  cool, 
the  steam  will  be  condensed,  and  the  pressure  of  the 
atmosphere  will  drive  the  piston  back  to  its  original 
position.  By  again  applying  heat  and  withdrawing 
it,  the  operation  may  be  repeated,  and  so  on  indef- 
initely. This  simple  experiment  involves  the  funda- 
mental idea  of  the  steam-engine. 

Under  the  ordinary  pressure  of  the  atmosphere,  a 
cubic  inch  of  water  gives  1,700  cubic  inches,  or 
nearly  a  cubic  foot,  of  steam.  In  this  case  the  expansive  force  of 
the  steam  is  in  equilibrium  with  the  pressure  of  the  atmosphere,  and  it 
is  said  to  have  a  tension  of  15  lbs.  to  the  square  inch.  If  a  cubic  inch 
of  water  be  converted  into  steam,  under  a  pressure  of  two  atmos- 
pheres, it  will  yield  but  850  cubic  inches  of  steam,  but  the  tendon 
will  now  be  80  lbs.  to  the  inch. 

(4:7a.)  What  U  a  steamenffinet  (473.)  DeacHhe  ths  eerperimmi  iUuHraUng  eu 
^*o,  of  the  »Uam-^ngins,  Uow  many  cubic  incket  of  Heam  does  a  cufnc  inch  qf 
U)ater  irice  under  a  preeeure  of  15  Ibe.  to  the  inch  f  How  many  un^/er  a  vree^ure 
^WlOe.totheincht 


Fig.  882. 
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^^     In  genet  fll,  tlie  \olum©  of  steam  yielded  by  ft  giveo  vol u rue  of  water 
^b'snes  inyersely  as  the  pressure  aiider  which  it  h  generated^  and  in 
^ftkll  cases  tlie  termion  of  the  Bteani  U  equal  tD  this  preBsure,     Uenoe^ 
^Bbe  quiintity  of  work  arising  from  the  cod  version  of  a  given  bulk  of 
^^e^ater  into  steam  is  always  the  same,  do  matter  wluit  may  bo  l\m 
pressure  under  which  it  l^  generatetl.     In  riHind  immberi,  we  rimy 
eay,  that  the  conversion  of  a  cubic  inch  of  walyr  inio  steam  pro- 
duces  a  qiiantity  of   work  sotJidont  to  raiae  a  weight  of  ono  ton 
through  a  height  of  one  foot. 

It  is  iMMml  that  the  quantity  of  [jeat  necessary  to  convert  a  oitbio 
intiL  of  water  at  32^  F.  into  steam  ia  constantly  the  samej  no  mat- 
ter what  may  be  the  pressure.  Hence,  m}  far  aa  fuel  and  work  are 
concerned^  it  is  of  no  consequence  what  the  pressure  may  be. 

It  was  to  utilize  the  immense  ejcpaoBlve  furce  of  steam  that  ttie 
steam- eDgioe  was  devised. 


Varieties  of  Steam-Engino. 


H  471.  Steam-en ginen  may  be  either  condensing  or  noti- 
^^comknsiftfj.  In  the  former^  the  steam,  ailer  having  acted 
upon  the  piston,  is  eoiitleriscd,  and  the  warm  water  reluroed 
to  tbo  boiler ;  in  the  lfiUe7\  the  steam  is  not  condensed, 
but  afler  having  acted  upon  the  piston,  is  blown  off  into  the 
air.  In  coiidenBing  engines,  steam  may  be,  and  generally  is, 
iiaed  of  a  lower  tension  than  15  lbs.  to  the  ineh,  in  which 

I  case  the  engines  are  called  low-pressure  engines.  In  non- 
condensing  engines,  steam  is  always  used  of  a  tcnnion  greater 
ihfju  15  lbs.  to  the  inch,  and  the  engines  are  then  called  high- 
pressure  engines. 


4 
I 


Condensing  enginea  are  more  economical  of  fuel,  but  they  are 
heavier  and  more  complex  in  their  const raction.  Htmco  tliey  ar« 
generally  used  m  etationary  engines,  Noo-condensing  engines  arw 
HBed  for  locomotives,  and  where  fuel  is  cheap  they  are  often  empl9;'****^ 
u  iJtationary  engines. 

Ti.e  efficiency  of  a  steam-engine  is  meaiured  in  terrn^  of  a  tmit 


4 
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fftne  mueh  work doM  the  eviptfration  qf  X  eubic inch c/ \oat^ prtnluct f     What U 
UU  ruU  /ftr  tht  h»it  re</ttireit  utidtr  tfij^ermt  prtnituraif    (474.)  What  !■  aoof»> 
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«IM  a  ktrm-pofMr,  Uiat  U,  a  foroe  which  it  ctpaUe  of  n 
m^ifUl  of  SS.OOO  lU.  through  a  height  of  one  foot  in  out  i 
Til IV  an  enpn«  Uiat  can  fterfonn  a  work  equiFaleut  to  nuang  0^001 
lim.  thn>ii^  10  feet  in  one  minute,  in  aaid  to  be  ^  mpatdti 
harm  powtr. 


V  BoOan  and  thair  AppmxslBiitk^ttL^  I »  y 

4T&.    Tli«  BoiLKR  u  a  shell  of  metal,  generallj  of  wrovgkl 
ii-on.  litit  fK>meum««  of  copper,  in  which  ateam  ia  genentei 

lUnlcrp  arv  made  of  rariont  sh^iea.  One  of  the  fiimpleet,  baitki 
fcHin  of  a  rvlinder,  with  rounded  ends;  it  is  aet  ina  famaoa,isibovB 
in  Y\fi.  H5.  Sirniotime*  two  nnaller  cylinders,  also  with  rooodci 
«Dd«.  rall«d  Ketit^Tti,  are  placed  below  the  main  shell  and  oonneetei 
with  It  bv  nuitable  pi|H9s.  The  object  of  this  arrangement  is  to  in- 
ersaiK  the  iieatitig  surlaoe.  In  the  Oomish  boiler  the  cjlindricsl  ibd 
ban  a  larpo  flue  (laiwitif:  throuf^h  it,  containing  an  internal  fomifit' 
Sometime*  two  Huch  flues  exist.  The  tubular  boiler  has  a  greit 
natiiU^r  of  t-ubeiv.  or  flues,  passing  through  it,  for  transmitting  the 
flatn«*  aiid  heat^nl  ptm^s  frtnn  Uie  furnace. 

Till*  priMoi}^!  apfK^ndages  of  the  boiler  are  thefumaee^  or firephUy 
wit!i  iu  flucH  mid  darii(iiTs  for  re;rulatiag  the  draft;  tliey!^  a^pfarai'^ 
bv  w  hirh  wuior  iii  intnKluciHl  to  supply  the  place  of  that  converted 
itiU>  «t4';iiri :  tho  mftty  tkihf^  to  piord  against  danger  of  explosion 
(hih*  Art.  2210  :  tho  manometer^  for  measuring  the  tension  of  the 
vteain  in  tlic  IhiIUt  (ho«  Artii.  123  and  124);  tlie  Mteam-guage^  toin- 
dioatc  tlto  hii^ht  of  the  water  in  Uie  boiler;  the  hUnD-off  appa/ratm^ 
usiiallv  A  c'4M*k  ncHF  the  bottom  of  tlie  boiler,  which,  when  opened, 
iMTiiiitM  tho  prt'sfiuro  (»f  the*  stoain  in  the  boiler  to  force  out  the  sedi- 
ment atid  iitipiiritii-rt  that  rolleta  there;  and  the  iteam-pipe,  to  con- 
fey  the  Htt'Oin  from  tlie  boiler  to  the  engine  proper. 

The  boiler  and  its  apiiendoges  are  yariously  arranged  in  different 
engiiieri,  the  object  in  all  cases  being  to  obtain  the  greatest  amonnt 
of  Hteoiu  with  a  giveu  quantity  of  fuel.  In  stationary  engines,  the 
fiiriiaco  is  usuiilly  made  of  brick  or  some  other  bad  conductor  of 
lieut,  and  the  flues  are  so  arranged  as  to  bring  the  flame  and  heated 
gatitis  iu  contact  with  as  larj^e  a  |>ortion  of  tlie  boiler  as  possible.   To 

(«TA.)  Wh«t  U  s  boiler  r  DMerib4  mmim  qf  ths  /brmt  ^  hoiUr9,  Whal  ar§  tJU 
f^^^^pai  npptndag^t  qf  hoiUrtt  and  what  ar4  tMruteif  What  arramg^mmU 
mmt  mmd^jiir  •oonoinUing  AmI  in  ttatianary  m^gin—  t 
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■event  waste  of  beat,  tbe  ex|>oe€»d  narfuce  of  the  boiler  is  covered 

th  a  jacket  of  courae  felt.     Id  locomotive  eogiDea,  tbe  dre-boi  ii 

de  of  boiler-iroQ,  aod  m  so  constructed,  tbat  it  id  nearly  surround* 

bj  the  water  io  tbe  boiler.      An  additional  beating  surface  isi 

>  obtained  by  means  of  fines,  running  througb  tbe  boiler,  for  con- 

reying  tbe  flamee  aod  beated  gaaea. 

To  guard  against  explosion  from  too  great  a  pressnre  of  steam 
nihin  tbe  boiler^  tbe  safety  valve  is  employed.  Id  addition  to  tbis^ 
i  fusible  safety  plug  is  sometimes  used-  This  consists  of  a  plog  of 
Infierted  in  the  boiler,  wbich  is  capable  of  being  fnsod  at  tbal 
eratare  beyond  which  tliere  la  danger  of  explosion.  If  the  tern- 
are  is  raised  above  this  limit,  tlie  plug  melts  and  falls  oat,  per- 
nittmg  tbe  water  and  steam  to  escape  tbrongb  tbe  bole  which  it  leaves^ 


MechaBiam 


if  tbe 


Condensing  Engxue. 


n 


4T6.     Tbe  essential  parts  of  a  condenaiog  engine  are  hIaowd  io 

|.  ftB8,    Tbe  figure  Is  only  intended  to  illustrate  tbe  pnncii»lea  of  tbe 

F  engine,  and^  for  tbe  purpose  of  illustration,  the  parts  are  arranged  in 

;  BQCb  a  manner  as  bent  to  exbibit  them  at  a  single  view. 

Tbe  principal  parts  of  the  condensing  engine  are  the  folhiwiiig  ; 
The  cylinder^  shown  on  the  left,  with  a  portion  broken  away. 
The  pittonj  P,  wljicb  reoei^ea  tli©  action  of  the  steam,  alternately  | 
(on  its  upper  and  lower  faces,  and  is  thereby  moved  up  and  down  in  j 
[the  cylinder. 

Tbe  sUaffireheitj  h^  into  which  the  Btearn  from  tbe  boiler  enterti 
tbrough  tbe  iteam^ipe  at  a,  and  from  which  it  passes  througb  the  I 
steam patstiget^  alternately   to  tbe  upper  and   lower  ends   of   thef 
cylinder. 
Tbe  diding  ca/ue,  moved  up   mid  down  by  tbe  rod,  iw,  which 

» alternately  opens  a  coTjitnunication  between  the  stetitn-che^t  and  tbe 
two  steam  passages  leading  to  the  top  and  hrdtom  of  the  cylinder. 
The  eduetwn  pip€^  D,  connecting  with  the  cylinder  at  a,  by  which 
ilie  steam,  after  liaving  acted  upon  the  piston,  is  conducted  into  the 
oondfinaer^  O. 
The  pUt&n-rody  A,  working  tbrough  b,  packing-ho^^  d^  which  trani- 
^K  mits  tbe  motion  of  tbe  piston  to  tlie  working^heam^  L. 
B      Tbe  parallel  lart^  DD,  and  the  radial  hart^C^E^  which  keep  the 
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pyton-To^  from  pressing  against  the  stdo  of  tho  packiog-bai.   Wk 
iffaofitiietit  is  called  Watt's  parallel  mviUm^ 

Tb»  mwikecUn^  r^A  U  wbkh  trausmitd  the  inotloa  of  the  workio^ 
Smtkm  to  tXw  erank  arm,  K^  and  through  it  imparts  &  tnotiofi  flf 
HiUtiaa  to  the  lUiuft  of  Uio  engine. 


^p^^ 


Fit:f» 


The  fly-wheel,  V,  which  ob dates  to  a  certain  extent  th 
Irregularities  of  motion  in  the  engine. 

The  exeentrk,  e,  which,  acting  like  a  crank,  produces  a  backwari 
fibd  forward  motioQ  in  the  connecting  rod,  Z.     This  rod  actio g  uR 


JDmoH^«  th4  principal  parU  t^a  &md&nting  mtj;intt  and  thsif  um^ 


PBIME  MOTEBfi. 


495 


be  hent  lever,  Y,  causes  the  rod  m^  of  the  sliding  ybIy%  to  move  up 
dowQ» 

'he  cold' water  pump^  R,  worked  bj  the  rod,  H,  which  draws  cold 

^Bter  fruFH  a  reservoir,  and  forcea  it  through  the  pipe,  T,  into  the 

jDdeDser.     Tljia  pipe,  tcriniimtiog  within  tlie  coadeniser  in  a  n>»e, 

Aiders  the  water  in   the  form  of  a  shower,  and  condenses  Llje 

The  air-pump^  M,  worked  by  the  rod,  F,  which  draws  the  hot 
irater  and  the  air  that  is  mixed  with  it  from  the  condenaer^  and  foraea 
i  ID  to  the  hot  well,  N. 

The  feed-pump,  Q,  worked  by  tti©  rod,  G,  which  draws  the  water 
om  the  hot  well  and  forces  it  into  the  boiler. 
To  oJiilaio  the  action  of  tlic  engine,  let  the  position  of  the  parts 
as  represented  in  tlie  "figure.      The  steam  entering  the  steam- 
best  finds  tlie  upper  passage  o[M?ti,  and  flowing  through  it,  acta  opoa 
upper  face  of  the  pii^ton  and  drives  it  to  the  bottom  of  the  cjliu- 
Br.     The  steam  below  the  piston  meanwhile  dows  through  tlie  lower 
ssago,  and  entering  the  eduction  pipe  at  a,  is  conveyed  to  tlie  coq- 
enaer,  where  it  is  condensed.     When  the  pisLoa  reaches  the  bottom 
the  cylinder,  the  excentric  acta  upon  the  bent  lever  to  open  the 
>wer  and  close  tlie  upper  passage.     The  hteam  from  the  steam-chest 
3W  flows  through  the  lower  passage,  anil  acting  upon  the  lower 
I  of  the  piston,  forces  it  to  the  top  of  the  cyliuder.     Meantime  the 
above  the  piston,  flowing  down  the  upper  passage,  enters  the 
luction  pipe  and  is  conveyed  to  tliC  condenser.     When  the  piston 
eaches  the  top  of  the  cylinder,  the  excetitric  again  acts  U)  cliange 
be  position  of  the  sliding  valve,  and  thus  tlie  motion  of  the  piston 
I  oontinued  indefinitely.  _ 


I 


TOi©  Iiocomotiva 


4T7.     The   fignre    represents   a    section   of   a    locomotive,   the 
principal  parts  of  which  are  the  following : 

I    The  boiler,  BB,  with  kAjlueg^  pp^  and  sf^H^vahe^  M.     The  dotted 
pile  represonts  the  height  of  tlie  water  in  the  boiler. 
I  The  ^re-boXy  A.  communicating  with  the  mnoke^bojs^  0,  by  meaoi 
if  the  flue9y  pp.    The  fire-box  has  a  double  wall,  the  interval  being 


Apiaim  th»  action  etf  u  oondonttinff  «wtpim«. 


(477.)  Bti^in  th4  primj^nU  patli 
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with  water  and  cominumcating  with  the  boiler.    E  is  the 
ite^  and  D  the  d<for  for  the  supply  of  fael. 

The  $team-pipe^  SS,  coaveys  tlie  steam  from  the  stmm-dome  to 
steam-chest,    ^  may  be  cloaed  by  a  valve,  V,  worked  by  a 
aver,  L.  '^ 

The  iteam  dome  is  an  elevated  portion  of  the  boiler^  the  olyect  of 
rluob  is  to  permit  the  steam  to  enter  the  steam-pipe  without  any 
idnuxture  of  water,  as  might  be  the  case  were  the  flteam  taken  from 
|a  lower  level. 

The  cylinder^  the  piston^  P,  and  the  piston-rod^  R,  are  aimilar  to 
tie  correspondiog  parts  of  the  condensing  engine. 
The  blast  pipe^  L,  through  which  the  steam  is  blown  off  aflef 
lliaving  acted  upon  the  piston,  terminatea  in  the  smokc-hox^  and  the 
■blast  of  steam  from  it  serves  to  increase  the  draft  of  air  through  the 
jflnea,  and  thua  promotes  the  oombnstion  of  fuel. 

The  connecting  rotly  G^  triinsmits  the  motion  of  tlie  piston  to  the 
I  crank  arm^  by  means  of  which  a  rotary  motion  is  imparted  to  the 
I  driving  wheels  of  the  loeomotive. 

The  manner  in  which  steam  acts  to  impart  motion  to  the  piston 
kthe  same  aa  in  the  engine  already  deserlbed. 


n 


The  M.j6xaWiQ  Ram. 

478-     The  htdjjaulio  ham  ia  a  machine  for  raising  water  by  meanfl^ 
of  ahocii^  canaed  by  snddeo  stoppages  of  a  stream  of  water.    It  couaista 
of  a  reservoir,  B,  with  a  supply  pipe,  A^  and  ao  orifice,  D,  which 
may  be  closed  by  a  spherical  valve.     Attiiched  to  the  reservoii  is  an 
^r-vessel,  G,  with  a  valve,  E,  and   a 
delivery  pipe,  It. 

The  stream  of  water  entering  the 
reservoir  through  the  supply  pipe, 
forces  the  valve  D  into  its  place,  and 
closes  the  orifice.  The  sudden  stop- 
page of  the  water  causes  a  shoek  which 
forces  a  portion  of  water  into  the  air- 
vessel  thruugh  the  openingj  E.  The 
equilibrium  being  restored,  the  valve  D  '^^  *** 

UllSj  as  does  the  valve  E,  and  immediately  a  second  shock  ensuea, 


JO»pl<tin,  Cka  action  of  a  locmnoHv*  en^int, 
in  iU  ctfti^r^^tion  and  tM«» 
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4)M  FOFULAS  PHYBIG8. 

ftiid  a  second  rapply  of  water  is  ibroed  into  tbe  air-Yesael,  andna 
tiMl«dnit«lT.  The  water  forced  into  the  air-yeaeel  oompieBBes  the 
air  in  the  apper  portion  of  it^  nntil  ita  elastio  force  becomes  soflSdeDt 
to  li>rce  a  jet  of  water  up  the  deliyery  pipe.  Tbe  ddivery  am 
cumnMiiced  will  continue  as  long  aa  the  macliine  remsins  in  order. 
Oiilr  a  small  portion  of  the  water  which  enters  the  reaerroir  is  nieed 
liipe. 
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